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ABSTRACT 
 
Enteropathogenic Yersinia can enter the food chain and infect consumers via pork. Although 
yersiniosis is the third most common bacterial enteric disease in Europe, there has been a lack of 
studies concerning the prevalence and bioserotypes of enteropathogenic Yersinia in pigs from 
European countries. This study was conducted in order to gain further information on the prevalence 
of enteropathogenic Yersinia in pigs from separate European countries. In order to examine the 
transmission routes of enteropathogenic Yersinia in  the  pork  production  chain  from the  farm to  the  
slaughterhouse, enteropathogenic Yersinia strains  were  characterised  in  Finland  by  PFGE.  Because  
the conditions on a farm can affect the prevalence of enteropathogenic Yersinia, possible farm factors 
associated with Yersinia prevalence were also investigated by using a questionnaire and on-farm 
observations. 
 
Pathogenic Yersinia enterocolitica was a common finding among all European countries included in 
the study. The highest (93%) and lowest (32%) prevalence of pathogenic Y. enterocolitica was 
observed among pigs from Spain and Italy, respectively. The prevalence in Estonia and Latvia in 
Northern Europe was lower than in Spain, but still at a high level of 89% and 64%, respectively, 
among pigs. The Leningrad region of Russia showed one of the lowest prevalence among the studied 
European countries. In addition, pathogenic Y. enterocolitica was  present  among  44% of  pigs  from 
Belgium and England or Central Europe and Western, respectively. The highest prevalence of 
Yersinia pseudotuberculosis was detected among English pigs (18%). Furthermore, 7%, 5% and 2% 
of pigs examined from the Leningrad region of Russia, Latvia and Belgium, respectively, and 1% in 
Italy and Estonia were positive for Y. pseudotuberculosis. Cold enrichment for 7 and 14 days 
combined was a more efficient method to isolate enteropathogenic Yersinia when compared to 
selective enrichment. 
 
The most common human pathogenic bioserotype 4/O:3 of Y. enterocolitica was also present in all 
studied European countries, predominating among Belgian (91%), Estonian (100%), Italian (99%), 
Latvian (100%), Russian (100%) and Spanish (100%) pigs, but not among English pigs (11%). In 
England, the most common human pathogenic bioserotypes of Y. enterocolitica were 2/O:9 (33%) and 
2/O:5 (26%). Y. enterocolitica bioserotype 2/O:5 was also found among Italian (1%) pigs. In addition, 
less frequently isolated European human pathogenic bioserotypes 2/O:3 and 3/O:3 were respectively 
found in 7% and 0.3% of pigs from England, and 3/O:9 in 9% of pigs from Belgium. 
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Bioserotype 2/O:3 of Y. pseudotuberculosis, the most commonly isolated type in pigs in Finland, 
predominated among Belgian (60%), English (34%), Estonian (100%), Latvian (100%) and Russian 
(100%) pigs, and was present among Italian pigs (20%). Bioserotypes such as 1/O:1, 1/O:2, 1/O:3, 
1/O:4, 2/O:1, 2/O:5 and 3/O:3 were also found. Y. pseudotuberculosis 1/O:1 was predominant in Italy 
(60%), and also found in England (26%) and Belgium (20%). Y. pseudotuberculosis 1/O:2 was 
isolated from Belgian (20%) and English (7%) pigs. Bioserotypes 1/O:3 (5%), 1/O:4 (24%), 2/O:1 
(3%), 2/O:5 (1%) and 3/O:3 (1%) were additionally found in England, showing the highest diversity 
of different bioserotypes in this country. 
 
In Finland, only bioserotype 4/O:3 of Y. enterocolitica and 2/O:3 of Y. pseudotuberculosis were 
isolated. Undistinguishable genotypes of Y. enterocolitica and Y. pseudotuberculosis isolated from a 
farm and a slaughterhouse indicated that carcass contamination has its origin on the farm and 
enteropathogenic Yersinia is transported with the pig to the slaughterhouse. Based on Y. enterocolitica 
genotypes, Y. enterocolitica-positive  pigs  are  contaminating  pluck  sets,  and  pluck  sets  can  also  be  
contaminated with Y. enterocolitica from other sources in the slaughterhouse. Factors associated with 
the high prevalence of Y. enterocolitica on farms according to correlation and two-level logistic 
regression analysis were drinking from a nipple, the absence of coarse feed or bedding for slaughter 
pigs, and no access of pest animals to the pig house. Those farms with an organic or low-production 
capacity showed a lower prevalence than high-production capacity conventional farms. Farm factors 
associated with the presence of Y. pseudotuberculosis in Finnish farms were contact with pest animals 
and the outside environment and a rise in the number of pigs on the farm. Organic production farms 
had a higher prevalence than conventional farms. 
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1. INTRODUCTION 
 
Yersinia enterocolitica and Y. pseudotuberculosis, or enteropathogenic Yersinia, are transmitted via 
the oro-faecal route among humans and animals. Y. enterocolitica cause disease (yersiniosis) with 
different degrees of severity depending on the bioserotype. Different bioserotypes of enteropathogenic 
Yersinia have been linked to different geographical areas (Bottone, 1999; Fukushima et al., 2001). 
Among slaughtered pigs, human pathogenic bioserotypes 4/O:3 of Y. enterocolitica and 2/O:3 of Y. 
pseudotuberculosis have previously been isolated in Finland (Asplund et al., 1990; Fredriksson-
Ahomaa et al., 2000a; Niskanen et al., 2002; 2008). Studies concerning the prevalence of Y. 
enterocolitica have mainly been related to Northern European countries such as Denmark, Finland 
and Norway (Asplund et al., 1990; Christensen, 1980, 1987; Nesbakken and Kapperud, 1985; 
Christensen and Lüthje, 1994; Fredriksson-Ahomaa et al., 1999a, 2000a; Nesbakken et al., 2003). A 
higher prevalence of Y. enterocolitica among pigs from Northern than Southern European countries 
such as Italy and Greece has been shown (Fredriksson-Ahomaa et al., 2000a; Bonardi et al., 2003; 
Kechagia et al., 2007; Anonymous, 2009c). Although the prevalence of Y. pseudotuberculosis in pigs 
has previously been determined in Finnish studies, prevalence studies concerning Y. 
pseudotuberculosis in pigs are still generally lacking (Niskanen et al., 2002, 2008). 
 
Pork products have been the source of Y. enterocolitica infection among humans in European 
countries such as Belgium, Norway and Spain (Tauxe et al., 1987; Grahek-Ogden et al., 2007; 
Anonymous, 2009c). Pork is the most frequently consumed meat among Europeans (Anonymous, 
2009d). Pigs are asymptomatic carriers of pathogenic Y. enterocolitica strains and possibly of Y. 
pseudotuberculosis on farms and may cause contamination and cross-contamination in the 
slaughterhouse (Niskanen et al., 2002, 2008; Fredriksson-Ahomaa et al., 2006; Anonymous, 2009a). 
However, little information exists concerning the transmission routes of enteropathogenic Yersinia 
among pigs from the farm to the slaughterhouse.  
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2. REVIEW OF THE LITERATURE 
 
2.1. HISTORY OF THE GENUS Yersinia  
 
In 1884, Malassez and Vignal (1884) isolated a bacillus from similar lesions to those produced during 
tuberculosis. The bacillus was named after characterization as Bacillus pseudotuberculosis (Malassez 
and Vignal, 1884; Pfeiffer, 1889). Another bacillus was identified in 1894 and named Pasteurella 
pestis by Alexandre Yersin, because bacilli found during the outbreak of bubonic plague in Hong 
Kong were small and coccoid-shaped, similar to Pasteurellaceae (Bottone et al., 2005; Hawgood, 
2008). Honouring Yersin and differentiating Yersinia pestis and Yersinia pseudotuberculosis from 
Pasteurella species, VanLoghem named the genus Yersinia (Van Loghem, 1944). Previously, 
different cases produced by an unknown bacterium and mainly related to enterocolitis in humans 
appeared in the United States. The bacterium was named as Flavobacterium pseudomallei (McIver 
and Pike, 1934). In Europe, similar isolates were also recovered around the same time, but named as 
“les germes X”. Finally, the name Bacterium enterocoliticum was given in order to identify a 
bacterium that had different chemical reactions from Y. pseudotuberculosis and affected the intestine 
(Schleifstein and Coleman, 1939). B. enterocoliticum was renamed Yersinia enterocolitica by 
Frederiksen and joined the family Enterobacteriaceae (Frederiksen, 1964). Furthermore, colonies 
similar to Y. enterocolitica with different biochemical reactions to those of Y. enterocolitica were 
grouped as “Y. enterocolitica-like” and later segregated into three species, “Yersinia intermedia, 
Yersinia frederinksenii, and Yersinia kristensinii”. The genus Yersinia is currently comprised of 14 
species: Y. pestis, Y. pseudotuberculosis, Y. enterocolitica, Yersinia intermedia, Yersinia frederiksenii, 
Yersinia kristensenii, Yersinia mollaretii, Yersinia bercovieri, Yersinia aldovae, Yersinia rohdei, 
Yersinia aleksicae, Yersinia massiliensis, Yersinia similis and Yersinia ruckeri. 
 
2.2. TAXONOMY OF THE GENUS Yersinia  
The genus Yersinia belongs to the family Enterobacteriaceae, order Enterobacteriales, class 
Gammaproteobacteria, phylum Protobacteria and the domain Bacteria (Bottone et al., 2005). There 
are four species within the genus Yersinia that are considered pathogenic to animals and/or humans: 
Y. pestis, Y. pseudotuberculosis, Y. enterocolitica and Y. ruckeri. Y. enterocolitica has recently been 
subdivided in two subspecies, Y. enterocolitica subsp. enterocolitica for Y. enterocolitica of biotype 
1B, and Y. enterocolitica subsp. palearctica for the remaining Y. enterocolitica biotypes (Neubauer et 
al., 2000). Earlier biotypes 3A and 3B of Y. enterocolitica are nowadays represented by two species, 
Y. mollaretii and Y. bercovieri, respectively (Wauters et al., 1988b). The fish pathogen Y. ruckeri 
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would probably constitute a new genus due to different phenotypic characteristics and DNA 
relatedness when compared to other Yersinia species within the genus Yersinia (Bottone et al., 2005; 
Kotetishvili et al., 2005). Three new species, Y. aleksiciae, Y. massiliensis and Y. similis, have 
recently been added to the genus (Sprague and Neubauer, 2005; Merhej et al., 2008; Sprague et al., 
2008). 
 
2.3. CHARACTERISTICS AND DETECTION OF Yersinia spp.  
2.3.1. GROWTH CHARACTERISTICS 
Yersinia spp. are facultative anaerobe with an optimum growth temperature of 28 – 29 °C (Bottone et 
al., 2005). The doubling time in the optimum temperature range is about 34 min (Schieman, 1989). 
Growth at refrigerator temperatures is possible because of the psychrotrophic characteristics of 
Yersinia spp. (Schieman, 1989). Y. enterocolitica is also able to survive in frozen pork (Bhaduri, 
2005b). A pleomorphism is observed depending on the incubation temperature and growth medium. 
Visible colonies of Yersinia are usually produced after 24 h of incubation on a nutrient agar (Bottone 
et al., 2005). However, Y. pseudotuberculosis colonies can easily be overgrown by other Yersinia 
spp., because Y. pseudotuberculosis growth is retarded more than 24 h (Fredriksson-Ahomaa, 2009a). 
Yersinia spp. are motile at 25 °C but not at 37 °C (Bottone et al., 2005). The optimum pH for the 
growth of all Yersinia species is 7.2 - 7.4, although they can multiply in a pH range of 4 - 10, being 
tolerant to alkaline conditions and with a better resistance to citric than acetic acid (Karapinar and 
Gonul, 1992). Toleration of NaCl is up to a concentration of 5% for Y. enterocolitica and up to 3.5% 
for Y. pseudotuberculosis (Bottone et al., 2005). Yersinia grows well under modified atmospheres, 
although slower growth is observed when high levels of CO2 are present (Harrison et al., 2000; Pin et 
al., 2000).  
 
2.3.2. PATHOGENICITY 
Depending on the severity of the disease in humans and lethality at low doses for mice, two 
phenotypes with different degrees of pathogenicity can be found among Y. enterocolitica: low 
pathogenicity and high pathogenicity (Schieman, 1981; Bottone, 1999) (Fig. 1). Y. enterocolitica 
biotype 1A comprises classically avirulent strains lacking the plasmid essential for Yersinia virulence 
(pYV), while biotypes 1B and 2-5 include strains that are pathogenic to humans and animals (Iteman 
et al., 1996). Y. enterocolitica 1B strains are considered as highly pathogenic due to the the presence 
of the high pathogenicity island (HPI) (Carniel, 2001). Only serotypes O:1 and O:3 of Y. 
pseudotuberculosis have been found to contain the HPI (Schubert et al., 2004). 
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a +: presence; -: absence 
b HPI: high pathogenicity island 
c pYV: plasmid associated with Yersinia virulence 
d Ail: Attachment invasion locus 
 
Figure 1. Phenotypes of pathogenic Yersinia enterocolitica depending on the pathogenicity 
 
While low pathogenicity strains need an iron source and are able to cause septicaemia in humans in 
iron overload situations, high pathogenicity strains produce the same effect without the need for an 
external iron source (Robins-Browne and Kaya-Prpic, 1985). In order to use complexed iron in high 
pathogenicity strains, high molecular weight proteins (HMWP) are expressed by Y. enterocolitica O:8 
and Y. pseudotuberculosis (Carniel et al., 1989). Only high pathogenic strains produce HMWP due to 
the possession of a chromosomal conserved DNA sequence coding for them, which is not present in 
low or non-pathogenic Yersinia strains (Carniel et al., 1989). 
 
CROMOSOMALLY ENCODED VIRULENCE FACTORS 
The chromosomally encoded virulence factors Ail and Inv are responsible for pathogenicity in Y. 
enterocolitica and Y. pseudotuberculosis (Fig. 1) (Miller et al., 1988; Nagano et al., 1997). Ail 
mediates serum resistance together with the plasmid outer membrane protein YadA (Pierson and 
Falkow, 1993; Biedzka-Sarek et al., 2005). Through the binding of Ail and YadA of Y. enterocolitica 
to the C4b-binding protein (C4bp), opsonophagocityosis and antibody-mediated classical and lectin 
alternative pathways and subsequent bactericidal action of the serum are avoided (Kirjavainen et al., 
2008). No studies have been published concerning the inhibition of the classical and lectin alternative 
pathways of complement by Y. pseudotuberculosis when binding to C4bp. The chromosomally 
encoded invasin protein (Inv) of Yersinia plays an important role in the early phases of the intestinal 
infection (Pepe and Miller, 1993; Marra and Isberg, 1997). Expression of Inv depends on pH, 
temperature, osmolarity, the growth medium and growth phase (Pepe et al., 1994; Nagel et al., 2001). 
 
High pathogenicity  
(HPI+b, pYV+c, Ail+d) 
 
Low pathogenicity  
(HPI-b, pYV+c, Ail+d) 
 
Pathogenic Yersinia enterocoliticaa 
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Among Y. enterocolitica of biotype 1B and Y. pseudotuberculosis of  serotype  O:1  a  30-Kb  
chromosomal region or HPI is present, which is incomplete among serotype O:3 Y. 
pseudotuberculosis and not present at all in the remaining bioserotypes of enteropathogenic Yersinia 
(Buchrieser et al., 2002).  
 
The yst gene in the chromosome of Y. enterocolitica encodes for the heat-stable enterotoxin, Yst. 
Although it has an uncertain role in Yersinia pathogenesis, Yst seems to be involved in pathogenesis 
among pathogenic Y. enterocolitica strains, being associated with diarrhoea in yersiniosis cases by 
inducing intestinal accumulation of fluid (Robins-Browne et al., 1979; Delor et al., 1990).  
 
The chromosomal urease gene cluster (ure) allows the production of urease, enhancing bacterial 
survival in the stomach or acidic environments during saprophytic life or the course of an infection. It 
also allows the use of urea as a nitrogen source. Urease activity reaches a maximum at 28° C and in 
the pH range 3.5 - 4.5 in Y. enterocolitica, maintaining a suitable intracellular pH when neutralizing 
the hydrogen ions that are penetrating through the bacterial wall (De Koning-Ward and Robins-
Browne, 1997).  
 
PLASMID-ENCODED VIRULENCE FACTORS 
Plasmid properties coded by different genes of Y. enterocolitica and Y. pseudotuberculosis ensure 
invasiveness and proliferation within the host tissues and are calcium dependent (Gemski et al., 1980; 
Cornelis et al., 1989; Hanski et al., 1989). Plasmid genes were found to encode the YadA outer 
membrane protein of Y. enterocolitica and Y. pseudotuberculosis (Gemski et al., 1980). Depending on 
the Yersinia species and the serotype, there is variation in the sequence of the yadA gene (Skurnik and 
Wolf-Watz, 1989). Although Y. pseudotuberculosis YadA is not needed for virulence, YadA of Y. 
enterocolitica plays an important role in serum resistance by binding to the Factor H (FH), mediating 
complement resistance (Biedzka-Sarek et al., 2008; Kirjavainen et al., 2008; Skurnik et al., 2010). 
 
Plasmid-positive enteropathogenic Yersinia strains are considered fully virulent. Plasmid encoded 
virulence effector proteins of the type III secretion system (T3SS) are delivered into the eukaryotic 
cell, where they become active and produce a modulation in the signalling pathways together with 
changes in the cytoskeleton in order to facilitate infection and prevent an inflammatory response. The 
yersinia outer membrane proteins (Yops) are secreted proteins (Heesemann et al., 1986; Forsberg et 
al., 1987). 
 
The virF, or lcrF in Y. pestis,  is  carried in the plasmid and present  in  both Y. enterocolitica and Y. 
pseudotuberculosis (Cornelis et al., 1989). Activation of virF is thermoregulated and occurs at 37? C. 
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VirF participates in the positive regulation of Yops at the transcriptional level by binding to different 
sites on the Yop promoters (Lambert de Rouvroit et al., 1992).  
 
2.3.3. ISOLATION AND IDENTIFICATION 
Isolation of enteropathogenic Yersinia depends on the source (Fredriksson-Ahomaa and Korkeala, 
2003). Isolation using direct plating has been successful with faeces samples from patients suffering 
from acute enteropathogenic yersiniosis because of the high number of bacteria. When studying 
asymptomatic carriers, foods or environmental samples, enrichment is needed in order to increase the 
initial number of bacteria in the sample (Aulisio et al., 1980). In addition, different isolation steps are 
recommended among protocols for detecting Y. enterocolitica (De Boer and Seldam, 1987; 
Laukkanen et al., 2009). Cold enrichment increased the number of Yersinia spp., including Y. 
enterocolitica isolates, among yersiniosis patients (Sihvonen et al., 2009). Some standardised isolation 
methods are avalaible for the detection of Y. enterocolitica in foods. The ISO 10273:2003 
(International Organization for Standardization) (Anonymous, 2003a) and the NCFA 117:1996 
(Nordic Committee on Food Analysis) (Anonymous, 1996) have commonly been applied. In a recent 
publication, four methods for the detection of Y. enterocolitica from pig intestinal content were 
compared: ISO 10273:2003, a modified ISO 10273:2003, a modified NCFA 117:1996 and a method 
of the Department of Food and Environmental Hygiene (DFEH) (Faculty of Veterinary Medicine, 
University of Helsinki). The DFEH method was the most sensitive among the methods examined 
(Laukkanen et al., 2009).  
 
Y. pseudotuberculosis can be detected by using agars or broths developed for Y. enterocolitica. 
However, the sensitivity is low for Y. pseudotuberculosis. Although selective enrichment with 
irgasan-ticarcillin-potassium chlorate (ITC) broth is useful for the isolation of Y. enterocolitica, it is 
not efficient for the isolation of Y. pseudotuberculosis (Niskanen et al., 2002, 2008; Laukkanen et al., 
2009). Y. pseudotuberculosis has been recovered from animals by using phosphate-buffered saline 
(PBS) enrichment for 3 to 5 weeks and a potassium hydroxide (KOH) treatment before plating on 
selective agar (Fukushima et al., 1989b, 1990a, b; Hayashidani et al., 2002; Iwata et al., 2008). 
Phosphate-buffered saline broth supplemented with mannitol and bile salts (PMB) has given a good 
recovery of Y. enterocolitica and Y. pseudotuberculosis from pig faeces and tonsils after 2 to 3 weeks 
of enrichment (Niskanen et al., 2002, 2008; Korte et al., 2004; Laukkanen et al., 2009). 
 
Enteropathogenic Yersinia colonies grow with a dark-red “bull’s eye” appearance with a transparent 
border on cefsulodin-irgasan-novobiocin (CIN) agar (Bottone et al., 2005). CIN agar was developed 
based on the ability of Y. enterocolitica to resist irgasan and novobiocin (Schieman, 1979). When 
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examining the surface of CIN plates grown at 30 ºC during 22 - 24 h using a stereomicroscope, 
pathogenic and non-pathogenic or Y. enterocolitica-like isolates can be identified by observing the 
size and morphology of the colonies (Hallanvuo et al., 2006). However, CIN agar is also useful in the 
isolation of Y. pseudotuberculosis, with a good result when tonsils were used as samples (Weber and 
Knapp, 1981). In addition, sorbitol MacConkey agar (SMAC) has been used in the isolation of Y. 
pseudotuberculosis from pigs, pig farms and the environment (Niskanen et al., 2008). Y. 
enterocolitica and Y. pseudotuberculosis plasmid-positives colonies can be differentiated from the 
negatives by using Congo-red agar because of the ability to bind the Congo red when the plasmid is 
present (Prpic et al., 1983). Identification of plasmid-positive Y. enterocolitica colonies could also be 
done with Congo red magnesium oxalate (CR-MOX) agar medium because of the presence of congo-
red binding plus calcium dependence abilities (Prpic et al., 1983; Riley and Toma, 1989). However, 
this medium does not include any selective component, allowing the growth of all bacteria. Other 
selective agars used less commonly but developed for the isolation of Y. enterocolitica are virulent Y. 
enterocolitica agar (VYE) and Salmonella-Shigella deoxycholate calcium chloride agar (SSDC). VYE 
agar was developed by Fukushima (1987) in order to differentiate pathogenic and non-pathogenic Y. 
enterocolitica colonies. Non-pathogenic Y. enterocolitica colonies are surrounded by a dark peripheral 
zone due to the hydrolysis of esculin, which is not present in the pathogenic ones on VYE agar. 
However, due to the variability in esculin hydrolysis among Y. pseudotuberculosis,  VYE agar is not 
recommended for the isolation of Y. pseudotuberculosis. In addition, SSDC agar was developed for 
the isolation of Y. enterocolitica from pork products and is not suitable for the isolation of Y. 
pseudotuberculosis due to its high selectivity and subsequent inhibition in Y. pseudotuberculosis 
growth (Wauters, 1973; Wauters et al., 1988a). When different selective media for the isolation of Y. 
enterocolitica were  compared  (CIN,  SSDC  and  MacConkey  agar),  CIN  agar  obtained  the  best  
recovery rates (Head et al., 1982). Recently, a chromogenic agar for the isolation of pathogenic 
biotypes of Y. enterocolitica has been developed (YeCM) (Weagant, 2008). 
 
All bacteria belonging to the genus Yersinia are catalase-positive, non-spore-forming rods or 
coccobacilli of size 0.5 - 0.8 x 1 - 3 ?m (Bottone et al., 2005). Identification of Y. enterocolitica and 
Y. pseudotuberculosis relies on different biochemical tests, serotyping and the detection of 
chromosomal and plasmid-borne virulence markers. Urease is one of the key tests to differentiate 
among urease-positive Yersinia spp. In addition, isolates are usually characterized using the Api20E 
test, but incubated for 20 - 24 h at 25 °C, instead of 37 °C, as stated in the manufacturer’s instructions, 
due to the dependence of the Voges-Proskauer reaction on temperature, and using the database 
provided by the manufacturer to identify the results of the reactions (Sharma et al., 1990). Api20E is 
able to identify Y. enterocolitica and Y. pseudotuberculosis with a sensitivity of 96% and 90%, 
respectively (Neubauer et al., 1998).  
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According to biochemical reactions, enteropathogenic Yersinia can be divided into separate biotypes, 
six for Y. enterocolitica (Wauters  et  al.,  1987)  and  four  for  Y. pseudotuberculosis (Tsubokura and 
Aleksi?, 1995). Y. enterocolitica biotypes can be identified by using pyrazinamidase, esculin, salicin, 
tween, indol, xylose and trehalose reactions. Concerning Y. pseudotuberculosis, its biotypes are based 
on citrate utilization, and melibiose and rhamnose fermentation. However, although some biotypes of 
Y. enterocolitica are  considered  as  apathogenic,  all  Y. pseudotuberculosis strains are considered as 
potentially pathogenic. 
 
Enteropathogenic Yersinia strains can also be divided into several serotypes. Determination of the O-
antigens is commonly carried out with slide agglutination tests using antisera O:1, O:2, O:27, O:3, 
O:5,  O:8  and  O:9  for  Y. enterocolitica and O:1 to O:6 for Y. pseudotuberculosis. Nowadays, Y. 
enterocolitica and Y. pseudotuberculosis can also be serotyped by PCR. Y. enterocolitica O:3 and O:9 
can be identified by targeting the rfbC and per, respectively (Weynants et al., 1996; Jacobsen et al., 
2005). O-antigen gene cluster-specific multiplex PCR allows the identification of different serotypes 
of Y. pseudotuberculosis strains, even in strains that cannot be serotyped by slide agglutination 
(Bogdanovich et al., 2003). There are four common pathogenic serotypes of Y. enterocolitica (O:3, 
O:5,27, O:8 and O:9) that together with biotypes comprise the most common Y. enterocolitica 
bioserotype combinations, 1B/O:8, 2/O:5,27, 2/O:9, 3/O:3 and 4/O:3, commonly associated with 
human disease (Bottone, 1999). Y. pseudotuberculosis can be divided into 15 serotypes, and some of 
these (O:1 - O:2, O:4 - O:5) can be further divided into subtypes (Fukushima et al., 2001). 
 
In addition to bioserotyping, chromosomal and virulence genes of enteropathogenic Yersinia should 
be further studied. Priority should be given to chromosomal virulence genes, because the Yersinia 
plasmid is easily lost in vitro. Many PCR-based detection methods have been developed based on 
targeting chromosomal and plasmid genes of enteropathogenic Yersinia (Fredriksson-Ahomaa and 
Korkeala, 2003). Detection of Y. enterocolitica chromosomal ail and plasmid-borne yadA is based on 
one- and two-step PCR reactions in agarose gel electrophoresis, respectively, and it is also possible by 
real-time PCR to detect the Y. enterocolitica chromosomal ail (Anonymous, 1998a; Thisted Lambertz 
et al., 2008a). For Y. pseudotuberculosis, detection of the ail gene is possible using a real-time PCR 
reaction (Thisted Lambertz et al., 2008b).  
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2.4. YERSINIOSIS 
2.4.1. IN ANIMALS 
Enteropathogenic Yersinia has mainly been considered as an enteric pathogenic among non-human 
primates (Buhles et al., 1981). Although enteropathogenic animal yersiniosis has scarcely been 
reported, a wide range of animal species have been infected by enteropathogenic Yersinia. 
Y. enterocolitica 
Diarrhoea followed by dead was a common symptom among captive Japanese and Croatian monkeys 
infected with Y. enterocolitica O:8 and 4/O:3, respectively (Table 1) (Iwata et al., 2005; Fredriksson-
Ahomaa et al., 2007a). Wild rodents cohabiting in the zoo with monkeys were the speculated 
infection  source  in  Japan,  while  in  Croatia  it  was  pork  meat  consumption  (Iwata  et  al.,  2005;  
Fredriksson-Ahomaa et al., 2007a). Frequent pork consumption has also been associated with 
yersiniosis diarrhoea cases among young pets in Finland, with similar genotypes among Y. 
enterocolitica 4/O:3 strains isolated from pork ham, heart, liver, tongue and kidney to those in faecal 
samples from the pets (Fredriksson-Ahomaa and Korkeala, 2001a). In China, 34% of sheep died 
during transportation as a result of acute yersiniosis caused by Y. enterocolitica biotype 3 with no 
suspected source (Bin-Kun et al., 1994). 
Y. pseudotuberculosis 
Fatal diarrhoea is one of the common symptoms among animals suffering from yersiniosis caused by 
Y. pseudotuberculosis (Sanford, 1995; Kageyama et al., 2002; Seimiya et al., 2005; Nakamura et al., 
2009). Lesions such as enlargement of lymphatic nodes, intestinal congestion and acute to chronic 
enteritis have commonly been observed (Buhles et al., 1981; Jerret et al., 1990; Sanford, 1995; 
Seimiya et al., 2005; Nakamura et al., 2009). Among goats, cervids, deer and monkeys suffering from 
Y. pseudotuberculosis infection, serotype O:3 of Y. pseudotuberculosis has often been isolated (Table 
1). The youngest were the most susceptible to the Y. pseudotuberculosis infection in conection with 
goats  and  deer  cases  (Seimiya  et  al.,  2005;  Nakamura  et  al.,  2009).  Other  serotypes  of  Y. 
pseudotuberculosis such as O:1, O:2, O:4, and O:7 have been implicated among deer and monkey 
yersiniosis cases in different countries (Jerret et al., 1990; Kageyama et al., 2002; Nakamura et al., 
2009). Based on similar bioserotypes and identical RAPD-PCR DNA fingerprints to those in 
monkeys, wild mice and black rats have been suspected as infection sources in monkey yersiniosis 
cases (Buhles et al., 1981; Kageyama et al., 2002). 
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Table 1. Bioserotypes of enteropathogenic Yersinia recovered from infected animals from different countries 
Enteropathogenic Yersinia  
 
Animals 
 
 
Biotype/serotypea 
 
Virulence genea 
 
Country 
 
 
Reference 
 
 
Yersinia enterocolitica       
  Captive monkeys ND/O:8 ND Japan Iwata et al., 2005 
   4/O:3 ail Croatia Fredriksson-Ahomaa et al., 2007a 
  Pets      
                Cats and dogs 4/O:3 yadA Finland Fredriksson-Ahomaa et al., 2001b 
       
  Sheep 3/ND ND China Bin-Kun et al., 1994 
 
Yersinia pseudotuberculosis 
 
      
  Ruminants     
      Cervids ND/O:3 ND Canada Sanford, 1995 
  Deer ND/O:1; O:2; O:3 ND Australia Jerrett et al., 1990 
   ND/O:3 virF, inv, yopB, yopH USA Zhang et al., 2008 
   Goats ND/O:3 ND Japan Seimiya et al., 2005 
   Captive monkeys 
 
ND/O:1; O:3; O:4 
 
inv, virF 
 
Japan 
 
Kageyama et al., 2002 
   ND/O:7 inv, virF, ypm, irp2  Nakamura et al., 2009 
   ND/O:3 ND USA Buhles et al., 1981 
a ND: Not determined 
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2.4.2. IN HUMANS  
Yersiniosis is usually self-limiting to gastrointestinal tissues, causing gastroenteritis and 
lymphadenitis. However, dissemination and invasion of other tissues such as the spleen, liver and 
lungs can occur (Pepe and Miller, 1993). Symptoms of yersiniosis differ depending on the age and the 
immunological status of the patient. In children, acute enterocolitis with fever, vomiting and diarrhoea 
sometimes accompanied by blood and mucous is common. In adults, yersiniosis resembles acute 
appendicitis due to terminal ileitis and mesenteric lymphadenitis. Among the elderly, stressed or those 
with an immunologically compromised status, extraintestinal diseases and septicaemia are observed 
(Winblad, 1973). Transmission from person to person can occur (Toivanen et al., 1973). Yersiniosis 
can remain unnoticed among human patients, and suspected infection with enteropathogenic Yersinia 
is mainly diagnosed based on postinfectious complications such reactive arthritis or erythema 
nodosum (Bottone, 1997). In a recent study, 14% of acute ileitis cases examined in a hospital 
emergency room were due to serotypes O:3 or O:9 of Y. enterocolitica (Garrido et al., 2009). 
Contaminated blood administered to patients is another possibility for acquiring yersiniosis (Bottone, 
1999). An association between Y. enterocolitica and Y. pseudotuberculosis infection and Crohn’s 
disease also exists, with Y. enterocolitica, Y. pseudotuberculosis or both species together being 
isolated from Crohn’s disease lesions (Hugot et al., 2003). Furthermore, a variant of Y. 
pseudotuberculosis carrying two novel plasmids and 260 strain-specific genes in the chromosome was 
the causative agent of what is known as Far East scarlet-like fever (FESLF), producing the same 
symptoms as group A Streptococci (erythematous skin rash, exanthema, hyperemic tongue and toxic 
shock syndrome) (Eppinger et al., 2007). FESLF resembles Kawasaki Disease, which has also been 
associated with Y. pseudotuberculosis infection (Vincent et al., 2007). 
 
Yersiniosis is also an occupational disease. High elevated titres of antibodies against different 
serotypes of Y. enterocolitica have been shown among farmers, slaughterhouse workers and 
veterinarians and attributed to close contact with pigs or pork (Merilahti-Palo et al., 1991; Nesbakken 
et al., 1991; Seuri and Granfors, 1992). Direct transmission of Y. enterocolitica to humans has also 
been suspected while cutting pork meat (Kelesidis et al., 2008). 
 
The isolation of non-pathogenic Y. enterocolitica 1A among human yersiniosis cases has created 
some controversy (Gourdon et al., 1999; Tennant et al., 2003). Y. enterocolitica 1A lacks both 
plasmid and some chromosomal virulence factors present among pathogenic bioserotypes of Y. 
enterocolitica (Tennant et al., 2003). Y. enterocolitica 2/O:9 and especially 4/O:3 are the most 
common pathogenic bioserotypes isolated among humans in Europe (Anonymous, 2009a). Y. 
enterocolitica O:9 caused a human epidemic in France during 1989 to 1997, and in Norway during 
2005 to 2006 (Grahek-Ogden et al., 2007; Vincent et al., 2008). In North America, Y. enterocolitica 
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4/O:3 has during the last two decades replaced the highly pathogenic Y. enterocolitica 1B/O:8. In 
Europe, the spread of Y. enterocolitica 1B/O:8 has occurred (Schubert et al., 2003; Gierczy?ski et al., 
2009). Y. enterocolitica 1B/O:8 has ocassionally been reported in Italy, and isolation of Y. 
enterocolitica 1B/O:8 from yersiniosis patients in Germany and Poland has recently been reported 
(Martini et al., 1989; Schubert et al., 2003; Gierczy?ski et al., 2009). In Poland, a strong clonality 
among Y. enterocolitica 1B/O:8 isolates has suggested an unknown common origin or reservoir 
(Gierczy?ski et al., 2009).  
 
Although previous studies have reported a higher prevalence in winter than in summer for Y. 
enterocolitica in  the  British  Isles,  Germany,  Japan  and  the  USA,  and  for  Y. pseudotuberculosis in 
Germany, no clear seasonality has been observed in recent years among European countries according 
to the EFSA (Weber and Knapp, 1981; Fukushima et al., 1983; Prentice et al., 1991; Bhaduri, 2005a; 
Anonymous, 2009a). Due to the frequent reporting of yersiniosis cases in Sweden from July to 
September, seasonal variation in infection among humans in Sweden has been suggested (Boqvist et 
al., 2009). The occurrence of Kawasaki disease, which is associated with Y. pseudotuberculosis 
infection, is higher during the winter than summer months (Vincent et al., 2007). 
 
2.4.3. FOODBORNE OUTBREAKS 
In 2007, yersiniosis was the third most common zoonotic agent after campylobacteriosis and 
salmonellosis in Europe and caused 8 792 cases, with the highest incidence in children less than 4 
years old (Anonymous, 2009c). Sporadic human yersiniosis cases in Europe have been related to both 
enteropathogenic Yersinia spp; however, Y. pseudotuberculosis outbreaks have mainly occurred in 
Northern European countries such as Russia and Finland (Za?denov et al., 1991; Pebody et al., 1997; 
Anonymous, 1999, 2002, 2005b, 2006, 2007; Hallanvuo et al., 2003; Nuorti et al., 2004; Takkinen et 
al., 2004; Jalava et al., 2004, 2006; Kangas et al., 2008; Rimhanen-Finne et al., 2009) (Table 2). In 
temperate countries, Poland and Spain, yersiniosis outbreaks due to Y. enterocolitica have also 
recently been reported (Anonymous, 2009c).  
 
In European countries, yersiniosis is mainly acquired domestically (Anonymous, 2009a). During 1995 
to 2007, about 700 Finnish yersiniosis cases occurred annually, which followed a decreasing trend, 
and Y. enterocolitica 4/O:3 was the most common isolated bioserotype (Anonymous, 2009b). 
Separate Y. pseudotuberculosis outbreaks in Finland since 1982 have been associated with fresh 
vegetables such as carrots and iceberg lettuce (Tertti et al., 1984, 1989; Nuorti et al., 2004; Jalava et 
al., 2004, 2006; Kangas et al., 2008). Furthermore, outbreaks caused by Y. pseudotuberculosis among 
children in Russia and one by Y. enterocolitica have been related to the consumption of vegetables 
and associated with faecal contamination from rodents (Anonymous, 2002, 2005b, 2006). In addition, 
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outbreaks of yersiniosis caused by Y. pseudotuberculosis have taken place in Spain with the iceberg 
lettuce as a possible infection source (Serra et al., 2005). During 2005 to 2007, two outbreaks of Y. 
enterocolitica occurred in Spain and Poland with pig meat and vegetable juice as the respective 
confirmed sources, and one outbreak in Norway with brawn or cold meat made from pig heads and 
pork chops as the suspected source of the infection (Grahek-Ogden et al., 2007; Anonymous, 2009c). 
 
In the USA, a lower incidence of yersiniosis was observed in 2008 when compared to 1996 – 1998 
(Anonymous, 2009b). The highest incidence was recorded among children aged less than 4 years, 
while the highest case fatality rate affected 20 to 49 year old patients (1% and 3%, respectively). 
Altogether, 38% persons older than 50 years were hospitalized due to Yersinia infection in the USA. 
Surveillance in the USA is based on laboratory-confirmed Yersinia cases. During 2008, the number of 
human Yersinia infections in the USA was 164, with an incidence of 0.36 per 100 000 habitants 
(Anonymous, 2009b).  
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Table 2. Outbreaks of enteropathogenic Yersinia from 1991 to 2008 
Enteropathogenic 
Yersinia 
 
Country 
 
Year 
Suspected 
sourcea 
Suspected 
vectorb 
No. of 
cases 
 
Biotype/Serotypec 
 
Symptomsd 
 
Reference 
 
Yersinia enterocolitica 
 
Croatiae 
 
2002 
 
NS 
 
NS 
 
22 
 
ND/O:3 
 
Diarrhoea, abdominal pain and 
fever 
 
Babi?-Erceg et al., 2003 
 Japan 2004 Salad NS 42 ND/O:8 Fever (100%), abdominal pain 
(56%), diarrhoea (37%) and 
vomiting (12%) 
Sakai et al., 2005 
 Norway 2005 - 2006 Pork 
(brawn/pork 
chops) 
NS 11 2/O:9 Abdominal pain, diarrhoea, fever, 
arthralgia and vomiting 
Grahek-Ogden et al., 2007 
 Poland 2007 Vegetablesf NS 2 ND/ND ND Anonymous, 2009c 
 Russia 2002 Vegetables Rodents 54 ND/ND Fever, gut pain and rash Anonymous, 2002 
 Spain 2007 Porkg NS 4 ND/ND ND Anonymous, 2009c 
 USA 2002 Chitterlings NS 9 O:3 Diarrhoea Anonymous, 2003b 
 
Yersinia 
pseudotuberculosis 
 
 
Canada 
 
 
1998 
 
 
Food 
 
 
NS 
 
 
40 
 
 
ND 
 
 
Fever, vomiting, abdominal pain 
and diarrhoea 
 
 
Anonymous, 1998b 
   Homogeneized 
milk 
NS 74 ND/O:1b ND Nowgesic et al., 1999; 
Press et al., 2001 
 Finland 1997 Food prepared 
in school 
kitchen 
NS 6 ND/O:3 Abdominal pain, fever, arthritis 
and sore throat 
Pebody et al., 1997 
 
   NS NS 35 ND/O:3 Fever and abdominal pain Hallanvuo et al., 2003 
  1998 Iceberg lettuce NS 51h ND/O:3 Fever and abdominal pain Hallanvuo et al., 2003 
  1999 NS NS 31 ND/O:3 Fever and abdominal pain Hallanvuo et al., 2003 
  2001 Iceberg lettuce NS 89 ND/O:1; O:3 Abdominal cramps (92%), fever 
(83%), joint or back pain (54%) 
and diarrhoea (52%) 
Jalava et al., 2004 
  2003 Grated carrots Production 
point 
contamination 
111 O:1 Gastrointestinal illness-like 
symptoms and erythema nodosum 
Jalava et al., 2006 
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Table 2. Continue         
Enteropathogenic 
Yersinia 
 
Country 
 
Year 
Suspected 
sourcea 
Suspected 
vectorb 
No. of 
cases 
 
Biotype/Serotypec 
 
Symptomsd 
 
Reference 
Yersinia 
pseudotuberculosis 
 
 
Finland 
 
2004 
 
Grated carrots 
 
NS 
 
125 
 
O:1b 
 
Abdominal pain, fever and 
erythema nodosum 
 
Takkinen et al., 2004; 
Kangas et al., 2008 
  2006 Carrots NS 456 O:1 Abdominal pain, fever and 
erythema nodosum 
Anonymous, 2007 
 
   Grated carrots NS 402 O:1 Abdominal pain and fever Rimhanen-Finne et al., 2009 
  2008 Grated carrots NS ~30 O:1 Stomach disease-like symptoms Anonymous, 2008 
 France 2004 - 2005 NS Rodents 27 O:1 ND Vincent et al., 2008 
 Japan 1991 NS NS 732 ND/O:5a Fever (86%), eruption (74%), 
abdominal pain (67%), vomiting 
and nausea (63%) 
Toyokawa et al., 1993 
  1998 Well water NS 3 ND/O:5b Fever followed by rash Sunahara et al., 2000 
  
Russia 
 
1991 
 
Fresh cabbage 
salad 
 
NS 
 
4 
 
ND/ND 
 
ND 
 
Za?denov et al., 1991 
  1999 Under-quality 
food 
NS 145 ND Diarrhoea and abdominal pain 
mimicking appendicitis 
Anonymous, 1999 
  2005 Cabbage and 
onion salad 
NS 15 ND ND Anonymous, 2005b 
   Cabbage, onions 
and carrots 
Mouse 
excrement 
42 ND ND Anonymous, 2005b  
   Cabbage, onions 
and carrots 
Mouse 
excrement 
18 ND ND Anonymous, 2005b  
   Cabbage, onions 
and carrots 
Mouse 
excrement 
9 ND ND Anonymous, 2005b  
   Vegetables Rodents 13 ND ND Anonymous, 2005b  
   Vegetables  24 ND Scarlet fever-like symptoms Anonymous, 2005b 
 Spain 2001 Water NS 3 O:1 Abdominal pain and diarrhoea 
(2/3; 67%) 
Serra et al., 2005 
a NS: No suspected source 
b NS: No suspected vector 
c ND: Not determined 
d ND: Not described 
e Outbreak in an oil tanker  
f, g Verified sources 
h No. of confirmed cases 
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2.5. EPIDEMIOLOGY 
2.5.1. RESERVOIRS 
Y. enterocolitica 
Among apparentely healthy animals other than pigs, the lowest Y. enterocolitica prevalence has been 
reported among wild animals (2%) and birds (3%) from New York together with migratory birds (2%) 
in Sweden (Shayegani et al., 1986; Niskanen et al., 2003). Only 15% of Japanese wild small mammals 
were positive for Y. enterocolitica (Iinuma et al., 1992). Among dogs, the prevalence of Y. 
enterocolitica varied from 20% to 30% in Japan and Italy, respectively (Fukushima et al., 1984a; 
Fantasia et al., 1985). Wild boars from Switzerland (35%) have shown the highest prevalence of 
human pathogenic Y. enterocolitica when compared to animals other than pigs (Fredriksson-Ahomaa 
et al., 2009b). 
 
Human pathogenic bioserotype 2/O:9 of Y. enterocolitica is the most common among wild boars in 
Switzerland (Fredriksson-Ahomaa et al., 2009b) (Table 3). Bioserotype 4/O:3 of Y. enterocolitica has 
been isolated from apparently healthy Finnish, Japanese and Italian pets (Fukushima et al., 1984a; 
Fantasia et al., 1985; Fredriksson-Ahomaa et al., 2001b). Y. enterocolitica 4/O:3-positive rats were 
found to live in slaughterhouses in Japan and have higher infection rates when compared to rats from 
other locations (Kaneko et al., 1978). In English sheep, bioserotype 4/O:3 of Y. enterocolitica has also 
been isolated (McNally et al., 2004). Bioserotypes other than 4/O:3 of Y. enterocolitica such as 
3/O:5,27, 2/O:9 and 2/O:5,27 in sheep, and 3/O:5,27 in cattle have also been recovered in England. In 
addition, serotypes O:3, O:5, O:8 and O:9 of pathogenic Y. enterocolitica have been isolated among 
Bulgarian wild animals (Nikolova et al., 2001).  
 
Healthy pigs are a common reservoir of Y. enterocolitica 4/O:3 in various European countries such as 
Finland,  Germany,  Greece,  Italy,  Norway,  Switzerland  and  Poland,  as  well  as  in  the  USA  
(Fredriksson-Ahomaa et al., 2000a, 2007b; Bonardi et al., 2003; Gürtler et al., 2005; Bhaduri et al., 
2006; Nesbakken et al., 2006; Platt-Samoraj et al., 2006; Kechagia et al., 2007). Among pigs from 
Canada (Québec, Ontario and Manitoba) and Japan, Y. enterocolitica O:3 has been isolated 
(Fukushima et al., 1983; Lettelier et al., 1999). Pigs carrying Y. enterocolitica O:5,27 have also been 
reported from the USA and Japan (Bottone, 1999; Bhaduri et al., 2006). Y. enterocolitica 3/O:5,27 
was the predominant bioserotype among pigs in England, isolated together with Y. enterocolitica 
3/O:9 (McNally et al., 2004).  
 
A seasonal predominance of Y. enterocolitica has been claimed among pigs from the United States, 
the United Kingdom and Germany (Weber and Knapp, 1981; Bhaduri, 2005a; Milnes et al., 2008). In 
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China, a higher prevalence of Y. enterocolitica in northern than other areas has been observed (Wang 
et al., 2009). 
 
Although pigs act as a reservoir of Y. enterocolitica and their meat is among the most frequently 
consumed in Europe, there are no monitoring programmes for enteropathogenic Yersinia among pigs 
in European Union member states (Anonymous, 2009a, d). The prevalence of Y. enterocolitica among 
pigs at slaughter has been surveyed in different years in Finland, Spain and Great Britain, but no 
survey among pigs has been carried out in Belgium, Estonia, Italy and Latvia (McNally et al., 2004; 
Anonymous, 2009a). Among European countries where surveys have been performed, differences in 
sampling and isolation methods have been observed. The ISO 10273:2003 seems to be commonly 
used for the detection of Y. enterocolitica among pigs, as such in Spain and in a modified form in 
Finland (Anonymous, 2009a). Samples taken have varied from faeces to tonsils, and depending on the 
sample a variation in prevalence can occur. A higher prevalence in tonsils than faecal samples is 
commonly observed due to the lymphatic tropism of Yersinia spp. (Balada-Llasat and Mecsas, 2006).  
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Table 3. Bioserotypes of enteropathogenic Yersinia recovered from apparently healthy animals other than pigs from different 
countries 
 
Enteropathogenic Yersinia 
 
Animals 
 
 
Biotype/serotypea 
 
 
Virulence 
genea 
 
Country 
 
 
Reference 
 
 
Yersinia enterocolitica      
 Cattle 3/O:5,27 ND England McNally et al., 2004 
  Pets     
       Cats and dogs 
4/O:3 yadA Finland Fredriksson-Ahomaa et 
al., 2001b 
 Dogs 4/O:3 ND Italy Fantasia et al., 1985 
  3/O:5,27; 3/O:3; 4/O:3 ND Japan Fukushima et al., 1984a 
 
 
Sheep 
 
2/O:5,27; 2/O:9; 
3/O:5,27; 4/O:3 
 
ND 
 
England 
 
McNally et al., 2004 
  Wild animals     
         Wild small mammalsb ND/O:3; O:5; O:8; O:9 ND Japan Iinuma et al., 1992 
          Diverse wild animalsc, d ND/O:3; O:5; O:8; O:9 ND Bulgaria Nikolova et al., 2001 
  ND/O:5; O:9 ND Japan Kaneko and Hashimoto, 1981 
 Migratory birds 3/O:3 virF Sweden Niskanen et al., 2003 
 Wild boars 2/O:5,27; 2/O:9; 4/O:3 ail Switzerland Fredriksson-Ahomaa et al., 2009b 
Yersinia pseudotuberculosis      
 Crows ND/O:4b ND Japan Otsuka et al., 1994 
  Pets 
 
  
 
 
 
 
 Cats ND/O:1b; O:3 ND Japan Fukushima et al., 1989b 
            Dogs ND/O:1b; O:2b; O:4a, 
b; O:5a 
ND Japan Fukushima et al., 1984a 
  Rats 
 
ND/O:4b 
 
ND 
 
Japan 
 
Iinuma et al., 1992 
  Sheep 
 
ND/O:3 
 
ND 
 
Australia 
 
Slee and Skilbelk, 1992 
  Wild animalse, f 
 
ND/O:1; O:2; O:3; O:5 
 
ND 
 
Bulgaria 
 
Nikolova et al., 2001 
  ND/O:4b ND Japan Kaneko and Hashimoto, 1981 
 
 
Wild birds 
 
ND/O:1b; O:4b 
 
ND 
 
Japan 
 
Fukushima and 
Gomyoda, 1991 
  1/O:2 virF Sweden Niskanen et al., 2003 
  Wild boars 
 
ND/O:4b 
 
ND 
 
Japan 
 
Hayashidani et al., 2002 
  1/O:1; 1/O:2; 2/O:1 inv Switzerland Fredriksson-Ahomaa et al., 2009b 
 
Wild mammals ND/O:1b; O:2b; O:3; 
O:4b; O:5b; O:6 
ND 
 
Japan Fukushima et al., 1990a; 
Fukushima and 
Gomyoda, 1991 
a ND: Not determined 
b A. specious, A. argenteus, and Ashizomys spp. 
c In Bulgaria: rabbit, boar, Asiatic jackal, red fox, mouflon, European river otter, beech marten, polecat and wild cat 
d In Japan: A. speciosus and C. rufocanus bedfordiae 
e In Bulgaria: rabbit, boar, Asiatic jackal, red fox, mouflon, European river otter, beech marten, polecat and wild cat 
f In Japan: A. speciosus 
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Y. pseudotuberculosis 
The lowest Y. pseudotuberculosis prevalence has been reported among apparently healthy wild 
animals in Japan (0.2%), wild migrating birds in Sweden (0.6%), and birds and rats in Japan (1%) 
(Kaneko and Hashimoto, 1981; Fukushima and Gomyoda, 1991; Iinuma et al., 1992; Niskanen et al., 
2003). In Japan, 3% of crows, 3 to 6% of wild mammals, 4% of wild boars and 6% of dogs were also 
positive for Y. pseudotuberculosis (Fukushima et al., 1984a, 1989b; Fukushima and Gomyoda, 1991; 
Otsuka et al., 1994; Hayashidani et al., 2002). The highest reported Y. pseudotuberculosis prevalence 
at present is 20% among Swiss wild boars (Fredriksson-Ahomaa et al., 2009b). 
 
A wide diversity of Y. pseudotuberculosis serotypes have been detected among different animal 
species and countries (Table 3). Y. pseudotuberculosis O:1, O:2 and O:3 have been shown to have a 
wide geographical distribution, with serotypes O:1 and O:2 being isolated in Europe from wild 
animals in Bulgaria and wild boars in Switzerland (Table 3) (Nikolova et al., 2001; Fredriksson-
Ahomaa et al., 2009b). Y. pseudotuberculosis O:3 has been isolated from animals other than pigs on 
three continents, in Asia from Japanese cats and deer, in Australia from sheep and in Europe from 
Bulgarian wild animals (Fukushima et al., 1989b; Fukushima and Gomyoda, 1991; Slee and Skilbelk, 
1992; Nikolova et al., 2001). Y. pseudotuberculosis O:5 has been isolated from wild animals in 
Bulgaria, and its subtypes O:5a and O:5b from dogs and wild mammals in Japan (Fukushima et al., 
1984a, 1990a; Nikolova et al., 2001). Serotypes O:4 and O:6 of Y. pseudotuberculosis are restricted to 
Japan, with Y. pseudotuberculosis O:4b having been isolated from crows, rats, wild animals, boars 
and other mammals (Kaneko and Hashimoto, 1981; Fukushima et al., 1984a, 1990a; Fukushima and 
Gomyoda, 1991; Iinuma et al., 1992; Otsuka et al., 1994; Hayashidani et al., 2002). Together with Y. 
pseudotuberculosis O:4, Y. pseudotuberculosis O:6 has been isolated from wild mammals (Fukushima 
et al., 1990a; Fukushima and Gomyoda, 1991).  
 
Winter and spring were the seasons when the highest prevalence of Y. pseudotuberculosis among dogs 
was reported in Japan (Fukushima et al., 1984a). In Australia, a higher excretion of Y. 
pseudotuberculosis via faeces was observed from June to October among sheep and from June to 
November among deer when compared to other months (Jerrett et al., 1990; Slee and Skilbeck, 1992). 
The higher prevalence observed during the winter than summer among deer in China has been related 
to cold stress (Zhang et al., 2008). However, the higher prevalence of infection with Y. 
pseudotuberculosis among mice during the winter when compared to the summer was associated with 
the higher number of newborn mice, which are more susceptible than adults to infection and able to 
disseminate Y. pseudotuberculosis in Japan (Fukushima et al., 1990a). 
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Y. pseudotuberculosis 2/O:3 has been shown to have slaughter pigs as a possible reservoir and be able 
to persist in pig farms in Finland (Niskanen et al., 2002, 2008). Bioserotype 2/O:3 and serotype O:3 of 
Y. pseudotuberculosis have  been  isolated  from Finnish  and  Italian  pigs,  respectively  (Chiesa  et  al.,  
1993; Niskanen et al., 2002, 2008). Y. pseudotuberculosis O:2 has been isolated from pigs in Italy and 
Germany, being carried together with Y. pseudotuberculosis O:1 among German pigs (Chiesa et al., 
1993; Weber and Knapp, 1981). Serotypes O:1b, O:2b, O:2c, O:3 and O:4b were also isolated from 
pigs in Japan (Fukushima et al., 1989a). 
 
Higher prevalence of Y. pseudotuberculosis in pigs has been observed during winter and spring than 
summer or autumn in Germany (Weber and Knapp, 1981). However, there has been a general lack of 
Y. pseudotuberculosis studies among pigs in different countries. 
 
2.5.2. PREVALENCE IN PIGS AT THE FARM LEVEL 
Y. enterocolitica 
The prevalence of Y. enterocolitica at the farm level was lower among those pigs in the initial stages 
of fattening or when transferred to the fattening department (14 weeks) than in the final weeks of the 
fattening period (20 weeks) (Table 4) (Gürtler et al., 2005). Reported prevalences of Y. enterocolitica 
isolated from pig faecal samples in the final stages of the fattening period or before slaughter when 
using culture methods have been 18% in Finland, 20% in Germany and 10 - 13% in the USA 
(Asplund et al., 1990; Gürtler et al., 2005; Wesley et al., 2008). Other reported prevalences among 
pigs at the farm level based on culture methods have been 13% from foetus organs in Poland and 10% 
from oropharyngeal swabs in the USA (Platt-Samoraj et al., 2006; Wesley et al., 2008).  
 
The main bioserotype reported among pigs at the farm level from different countries has been Y. 
enterocolitica 4/O:3 (Table 4) (Asplund et al., 1990; Gürtler et al., 2005; Nesbakken et al., 2006; 
Platt-Samoraj et al., 2006; Wesley et al., 2008).  
 
During the winter or colder periods of the year, an increased prevalence of Y. enterocolitica has been 
observed among pigs on American and Japanese farms (Fukushima et al., 1983; Bhaduri, 2005a; 
Wesley et al., 2008). 
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Table 4. Prevalence of enteropathogenic Yersinia at the farm level detected using culture methods 
 
 
a ND: Not determined 
b Pigs after transfer to the fattening deparment (14 weeks) 
c Pigs during the final weeks of the fattening period (20 weeks)
 
Enteropathogenic 
Yersinia 
 
Samples 
 
No. of 
samples 
 
Prevalence using culture 
methods 
 
Biotype/Serotypea 
 
Virulence genea 
 
Country 
 
Reference 
 
Yersinia enterocolitica 
 
 
Faeces 
 
 
147 
 
 
18% 
 
 
4/O:3 
 
 
ND 
 
 
Finland 
 
 
Asplund et al., 1990 
  537b 3%b 4/O:3b ail, yopT
b Germany Gürtler et al., 2005 
  491c 20%c 4/O:3c ail, yopT
 c   
  2 847 13% ND ail USA Wesley et al., 2008 
 Oropharyngeal swabs 1 218 6% ND ail USA Wesley et al., 2008 
 Foetus organs 45 13% 4/O:3 ail, ystA, ystB Poland Platt-Samoraj et al., 2006 
        
Yersinia pseudotuberculosis        
 Caecal contents 1 361 0.3% ND/O:3 ND Italy Chiesa et al., 1993 
 Faeces 513 0.6% ND/O:3 ND Italy Chiesa et al., 1993 
 Rectal swabs 48 2% ND/O:1 ND Czechoslovakia Aldová et al., 1980 
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Y. pseudotuberculosis 
A lower prevalence of Y. pseudotuberculosis has been reported in Italy than Czechoslovakia among 
pigs at the farm level when using culture methods (Aldová et al., 1980; Chiesa et al., 1993) (Table 4). 
Farms where disinfecting of the pen and drying for various days occurs or with an all in-all out system 
have reported a lower prevalence of Y. pseudotuberculosis among pigs than one-site farms (Niskanen 
et al., 2008). In the farm, a higher carriage of Y. pseudotuberculosis among fattening pigs aged 2 to 6 
months than pigs of other ages has been demonstrated (Niskanen et al., 2008). Y. pseudotuberculosis 
may  spread  from  pig  to  pig  and  between  batches,  and  seems  to  persist  in  the  farm  environment  
(Niskanen et al., 2008). 
 
Serotypes O:1 and O:3 of Y. pseudotuberculosis have  been  recovered  among  farmed  pigs  from  
Czechoslovakia and Italy, respectively (Table 4). In Finland, Y. pseudotuberculosis bioserotype 2/O:3 
has been reported to predominate among pig farms (Niskanen et al., 2008). The predominance of 
serotype O:3 could be due to more efficient colonization of the host tissue and resistance to 
complement-mediated killing when compared to other serotypes of Y. pseudotuberculosis (Najdenski 
et al., 2009). 
 
2.5.3. PREVALENCE IN PIGS AT SLAUGTERHOUSES 
Y. enterocolitica 
Variation has been observed in the prevalence of Y. enterocolitica in slaughtered pigs from different 
countries (Table 5). The prevalence of Y. enterocolitica among slaughtered pigs may be related to the 
farming system in which pigs have been reared (Skjerve et al., 1998; Gürtler et al., 2005; Nowak et 
al., 2006).  
 
Y. enterocolitica 4/O:3 has been the most common bioserotype isolated from slaughtered pigs from 
different countries (Table 5) (Durisin et al., 1997; Fredriksson-Ahomaa et al., 2000a, b, 2001c; Korte 
et al., 2004; Gürtler et al., 2005; Bhaduri and Wesley, 2006; Kechagia et al., 2007; Bucher et al., 
2008;). However, Y. enterocolitica bioserotype 3/O:9 has also been isolated in Northern Italy and 
2/O:9 and 2/O:5,27 in Switzerland (Bonardi et al., 2007; Fredriksson-Ahomaa et al., 2007b). Other 
isolated serotypes of Y. enterocolitica have been O:9 in Greece, as well as O:9 and O:5 in the USA 
(Funk et al., 1998; Kechagia et al., 2007). 
 
Although a higher prevalence of Y. enterocolitica at slaugherhouses in Sweden occurred in summer 
than in winter, among slaughtered pigs in Germany and the United Kingdom the prevalence of Y. 
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enterocolitica was higher during November to December and December to January, respectively, than 
in other months of the year (Weber and Knapp, 1981; Lindblad et al., 2007; Milnes et al., 2008). 
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Table 5. Prevalence of enteropathogenic Yersinia in different porcine samples at slaughter in different countries detected using culture methods 
 
Enteropathogenic 
Yersinia 
 
Sample 
 
No. of samples 
 
Prevalence using culture methods 
 
Biotype/Serotypea, b 
 
Virulence genea 
 
Country 
 
Reference 
 
Yersinia 
enterocolitica 
       
 Carcass 98 1% 1A/NT yadA-negative Northern Italy Bonardi et al., 2007 
  383 0.3% 4/O:3 ail, yopT Germany Gürtler et al., 2005 
  518 16% ND ail Sweden Linbland et al., 2007 
  
Ear 
 
17 
 
12% 
 
4/O:3 
 
yadA 
 
Finland 
 
Fredriksson-Ahomaa et al., 2000b 
  
Faeces 
 
50 
 
10% 
 
4/O:3 
 
ND  
 
Southern Germany  
 
Fredriksson-Ahomaa et al., 2001c 
  379 0.5% 4/O:3 ail Germany Gürtler et al., 2005 
  98 4% 3/O:9 yadA Northern Italy Bonardi et al., 2007 
  2 793 4% 4/O:3; ND/O:5 ail, virF USA Bhaduri and Wesley, 2006 
  
Heart 
 
8 
 
50% 
 
4/O:3 
 
yadA 
 
Finland 
 
Fredriksson-Ahomaa et al., 2000b 
  
Ileocecal lymph nodes 
 
346 
 
4% 
 
4/O:3 
 
ail, yopT 
 
Germany 
 
Gürtler et al., 2005 
  
Intestinal content 
 
150 
 
4% 
 
2/ND 
 
ND 
 
Northern Italy 
 
Bonardi et al., 2003 
  
Kidney 
 
13 
 
69% 
 
4/O:3 
 
yadA 
 
Finland 
 
Fredriksson-Ahomaa et al., 2000b 
  20 15% 4/O:3 ND Southern Germany  Fredriksson-Ahomaa et al., 2001c 
  
Liver 
 
13 
 
39% 
 
4/O:3 
 
yadA 
 
Finland 
 
Fredriksson-Ahomaa et al., 2000a 
  
Oral-pharyngeal swab 
 
3 375 
 
24% 
 
ND/O:5, ND/O:9 
 
ail 
 
USA 
 
Funk et al., 1998 
  
Tonsils 
 
50 
 
60% 
 
4/O:3 
 
ND 
 
Germany 
 
Fredriksson-Ahomaa et al., 2001c 
  44 14% 4/O:3 yst Canada Durisin et al., 1997 
  481 36% ND/O:3 ND Finland Asplund et al., 1990 
  210 56% 4/O:3 yadA Finland Korte et al., 2004 
  372 38% 4/O:3 ail, yopT Germany Gürtler et al., 2005 
  150 15% ND ND Northern Italy Bonardi et al., 2003 
  212 34% 4/O:3; 2/O:5,27; 2/O:9 ail Switzerland Fredriksson-Ahomaa et al., 2007b 
  
Tonsil swabs 
 
722 
 
26% 
 
ND/O:3 
 
ND 
 
Denmark 
 
Christensen, 1980 
  455 14% 4/O:3; ND/O:3; ND/O:9 yst, virF, yadA Greece Kechagia et al., 2007 
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Table 5. Continue 
 
       
 
Enteropathogenic 
Yersinia 
 
Sample 
 
No. of samples 
 
Prevalence using culture methods 
 
Biotype/Serotypea, b 
 
Virulence genea 
 
Country 
 
Reference 
 
Yersinia 
pseudotuberculosis 
 
 
 
 
 
 
 
 
  
 
 
 
  
Caecal content 
 
1 200 
 
10% 
 
ND/O:1b; ND/O:2b,c; ND/O:3; ND/O:4b 
 
ND 
 
Japan 
 
Fukushima et al., 1989a 
 
  1 200 3% ND/O:1b; ND/O:2b, c; ND/O:3; ND/O:4b ND Japan Fukushima et al., 1990b 
  
Colon content 
 
318 
 
1% 
 
ND/O:1; ND/O:3 
 
ND 
 
Czechoslovakia 
 
Aldová et al., 1980 
  
Tonsils 
 
210 
 
4% 
 
2/O:3 
 
virF 
 
Finland 
 
Niskanen et al., 2002 
  480 6% ND/O:1; ND/O:2 ND Germany Weber and Knapp, 1981 
a ND: Not determined 
b NT: Not typeable 
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The prevalence of Y. enterocolitica at a slaughterhouse in Finland has been 20%, 13% and 13% when 
isolated respectively from the brisket saw, hooks and knives and 33% from the computer (Table 6) 
(Fredriksson-Ahomaa et al., 2000b). Moreover, a Y. enterocolitica prevalence of 8% was observed in 
Northern Italy and the USA when isolated from water at the scalding plant and the slaughtering and 
fabricating plant, respectively (Duffy et al., 2001; Bonardi et al., 2007). 
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Table 6. Prevalence of Yersinia enterocolitica in the slaughtering environment detected using culture methods 
 
Slaughter area 
 
No. of 
samples 
 
Prevalence of Y. enterocolitica using culture 
methods 
 
Biotype/Serotypea 
 
Virulence 
genea 
 
Country 
 
Reference 
 
Brisket saw 
 
5 
 
20% 
 
4/O:3 
 
yadA 
 
Finland 
 
Fredriksson-Ahomaa et al., 
2000b 
Computer 
 
6 33% 4/O:3 yadA Finland Fredriksson-Ahomaa et al., 
2000b 
Hooks 
 
8 13% 4/O:3 yadA Finland Fredriksson-Ahomaa et al., 
2000b 
Knives 
 
8 13% 4/O:3 yadA Finland Fredriksson-Ahomaa et al., 
2000b 
Slaughtering and fabricating 
plant 
 
40 8% ND ND USA Duffy et al., 2001 
Water from scalding plant 12 8% 4/O:3 yadA Northern 
Italy 
Bonardi et al., 2007 
a ND: Not determined
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Y. pseudotuberculosis 
Although there is a paucity of data concerning the prevalence of Y. pseudotuberculosis among pigs at 
slaughterhouses from different countries, the highest prevalence has been reported in Japan compared 
to European countries (Table 5).  
 
The main bioserotype among isolated Y. pseudotuberculosis from Finnish pigs at slaughterhouses 
seems to be 2/O:3 (Niskanen et al., 2002) (Table 5). Serotype O:3 of Y. pseudotuberculosis has also 
been isolated among pigs at slaughter in Japan and Czechoslovakia (Aldová et al., 1980; Fukushima et 
al., 1989a, 1990b). Other Y. pseudotuberculosis serotypes,  O:1  and  O:2,  seem  to  be  common  at  
slaughter among pigs in Japan and have additionally been isolated from German pigs (Weber and 
Knapp, 1981; Fukushima et al., 1989a, 1990b). 
 
Seasonal variation has been observed in the prevalence of Y. pseudotuberculosis among pigs at 
slaughter in Germany and Japan (Tsubokura et al., 1976; Weber and Knapp, 1981). During winter and 
spring or colder months of the year, a higher prevalence has been observed in Germany and Japan 
(Tsubokura et al., 1976; Weber and Knapp, 1981). 
 
2.5.4. PREVALENCE IN PORK 
Pork is the most common meat consumed in Europe (Anonymous, 2009d). Pork consumption has 
been associated with human yersiniosis and has been the probable source of yersiniosis outbreaks in 
Europe (Ostroff et al., 1994; Fosse et al., 2008; Anonymous, 2009a). The risk of acquiring yersiniosis 
through pork consumption is related to the initial contamination levels of enteropathogenic Yersinia in 
pork as well as the health status of the consumer (Bottone, 1997). 
 
Y. enterocolitica 
A higher prevalence of pathogenic Y. enterocolitica 4/O:3 on tongues (78%) than in minced pork 
(2%) at the retail level in Finland has been observed using culture methods (Fredriksson-Ahomaa et 
al., 1999a) (Table 7). Minced pork samples in Southern Germany showed a 12% prevalence of 
pathogenic Y. enterocolitica (Fredriksson-Ahomaa et al., 2001c). A similar prevalence of Y. 
enterocolitica serotype O:3 has been recorded among pork samples collected from butcher shops in 
Munich (Germany) (12%) and Denmark (9%) (Christensen, 1987; Fredriksson-Ahomaa et al., 2004). 
Pork and its related products in Northern Taiwan had a 29% prevalence of Y. enterocolitica (Tsai and 
Chen, 1991). 
 
A predominance of Y. enterocolitica 4/O:3 has been observed in those studies reporting the 
prevalence of Y. enterocolitica from pork and pork products (Table 7). In Ireland, bioserotype 
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2/O:5,27 of Y. enterocolitica has  been  isolated  from raw pork  meat  (Logue  et  al.,  1996).  Serotypes  
O:3 and O:8 of Y. enterocolitica were isolated from pork and related products in Northern Taiwan 
(Tsai and Chen, 1991). 
 
Y. pseudotuberculosis 
There has been a lack of studies concerning the prevalence of Y. pseudotuberculosis in pork. In Japan, 
Y. pseudotuberculosis of serotype O:4b was isolated from one out of 125 ground pork samples 
(Fukushima, 1985) (Table 7). 
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Table 7. Prevalence of enteropathogenic Yersinia from pork and pork products in different countries detected using culture methods 
 
Enteropathogenic  
Yersinia 
 
Pork product 
 
No. of samples 
 
Prevalence using 
culture methods 
 
Biotype/Serotypea 
 
Virulence 
genea 
 
Country 
 
Reference 
 
Yersinia enterocolitica 
 
 
Butcher shop pork 
 
 
159 
 
 
9% 
 
 
ND/O:3 
 
 
ND 
 
 
Denmark 
 
 
Christensen, 1987 
  113 12% 4/O:3 ND Germany (Munich) Fredriksson-Ahomaa et al., 2004 
        
        
 Cold-smoke pork 
productb 
97 <1%   Sweden Thisted Lambertz et al., 2007 
 
 
 
Minced pork 
 
255 
 
2% 
 
4/O:3 
 
yadA 
 
Finland 
 
Fredriksson-Ahomaa et al., 1999a 
 
 
 120 12% 4/O:3 yadA Southern Germany Fredriksson-Ahomaa et al., 2001c 
  100c 5% 4/O:3 ail Sweden Thisted Lambertz et al., 2007 
 
 
 
Pork (raw meat) 
 
20 
 
40% 
 
4/O:3; 2/O:5,27 
 
ND 
 
Ireland 
 
Logue et al., 1996 
 
 
 
Pork and related products 
 
140 
 
29% 
 
2/O:3; 1/O:8 
 
ND 
 
Northern Taiwan 
 
Tsai and Chen, 1991 
        
 
 
 
Tongues at the retail level 
 
51 
 
78% 
 
4/O:3 
 
yadA 
 
Finland 
 
Fredriksson-Ahomaa et al., 1999a 
        
Y. enterocolitica and 
Yersinia pseudotuberculosis 
 
 
 
Ground pork 
 
 
 
125 
 
 
 
5% 
 
 
 
Yed 3/O:3, 4/O:3; 
Ype ND/O:4b 
 
 
 
ND 
 
 
 
Japan 
 
 
 
Fukushima, 1985 
a ND: Not determined  
b Samples from cold-smoke sausage contain meat and fat from swine, cattle, glucose, nitrite salts, spices and a starter culture 
c Some samples of minced meat pork contained 20 - 50% beef  
d Ye: Y. enterocolitica  
e Yp: Y. pseudotuberculosis  
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2.5.5. TRANSMISSION ROUTES OF ENTEROPATHOGENIC Yersinia 
Y. enterocolitica transmission occurs in the farm environment, where dissemination between pigs 
occurs (Fukushima et al., 1983; Fredriksson-Ahomaa et al., 2006). While pigs are at slaughter, Y. 
enterocolitica spreads to the slaughterhouse lairage, environment, equipment, and operators 
(Fukushima et al., 1984b; Fredriksson-Ahomaa et al., 2000b, 2001a). Meat inspection can cause 
cross-contamination with Y. enterocolitica due to the incision of submaxillary and mesenteric lymph 
nodes (Nesbakken et al., 2003). Pork contaminated with pathogenic Y. enterocolitica reaches the 
distribution points, food chain and human host via the consumption of raw or undercooked pork and 
contaminated or cross-contaminated pork products (Tauxe et al., 1987; Ostroff et al., 1994; 
Fredriksson-Ahomaa et al., 2004; Grahek-Ogden et al., 2007; Kelesidis et al., 2008; Anonymous, 
2009c). Transmission of Y. enterocolitica through contaminated blood or from person to person can 
also occur (Bottone et al., 2005; Leclercq et al., 2005). 
 
Transmission routes of Y. pseudotuberculosis are  unclear.  Pigs  seem to  be  a  human  reservoir  of  Y. 
pseudotuberculosis serotypes O:1, O:3 and O:4 in Japan, and of bioserotype 2/O:3 of Y. 
pseudotuberculosis in Finland (Tsubokura et al., 1976; Fukushima et al., 1989a, 1990b; Niskanen et 
al., 2002, 2008). The spreading of Y. pseudotuberculosis infection  among  pigs  occurs  on  the  farm  
(Niskanen et al., 2008).  
 
Outbreaks of Y. pseudotuberculosis have commonly been associated with the consumption of 
vegetables contaminated with rodent faeces (Anonymous, 2002, 2005b, 2006; Nuorti et al., 2004; 
Jalava et al., 2004, 2006; Kangas et al., 2008). Among rodents, shrews may be one of the animals 
acting  as  a  reservoir  of  Y. pseudotuberculosis that possibly contaminated carrots released for 
consumption in a school during an outbreak in Finland (Kangas et al., 2008). A transmission route of 
Y. pseudotuberculosis from contaminated water, soil or vegetables to wild, domestic animals or pests 
and humans in Japan has also been suggested (Fukushima et al., 1990a; Nuorti et al., 2004; Jalava et 
al., 2004, 2006; Kangas et al., 2008).  
 
A higher recovery of Y. pseudotuberculosis from water during cooler than warmer months of the year 
has been attributed to the higher prevalence of Y. pseudotuberculosis among wild animals during the 
winter than warmer periods of the year (Fukushima, 1992). 
 
2.5.6. PREVENTION OF YERSINIOSIS 
Preventive measures against yersiniosis should start on the farm, continue at the slaughterhouse and 
during the processing, packing and handling of meat by producers, retailers and consumers in order to 
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avoid cross-contamination and reduce the risk of the presence or growth of Y. enterocolitica and Y. 
pseudotuberculosis in meat or meat products. 
 
Different risk factors on the pig farm have been associated with a high prevalence of pathogenic Y. 
enterocolitica and Y. pseudotuberculosis. For Y. enterocolitica, the need for an improvement in 
hygienic conditions on the farm has been mentioned (Aldová et al., 1980). In addition, pigs from 
different herds should not be combined in order to protect fattening pigs against contamination with 
enteropathogenic Yersinia carriers (Nesbakken et al., 2007). A low exposure rate to Y. enterocolitica 
has been demonstrated among pigs bred in a Y. enterocolitica-specific pathogen free (SPF) nucleus 
(Nesbakken et al., 2007). 
 
Y. enterocolitica and Y. pseudotuberculosis are not detected by conventional meat inspection (Fosse et 
al., 2008). In the slaughterhouse, pathogenic Y. enterocolitica-positive pigs may contaminate the air in 
the bleeding area while being slaughtered (Fredriksson-Ahomaa et al., 2000b). Tools, machines, and 
workers can also spread Y. enterocolitica through the slaughterhouse and its environment. 
Furthermore, the contamination from tonsils to carcasses and offal (liver, heat and kidneys), as well as 
slaughterhouse tools and machines, can occur during evisceration (Fredriksson-Ahomaa et al., 2000b). 
Incision of submaxillary and mesenteric lymph nodes is also a cross-contamination factor (Nesbakken 
et al., 2003). Strict hygiene during slaughter, bagging of the rectum to avoid intestinal contamination 
among carcasses and a separate inspection of the pig head, leaving tongues and tonsils inside during 
slaughter, are some of the measures that help to reduce contamination and cross-contamination 
(Andersen, 1988; Christensen and Lüthje, 1994; Nesbakken et al., 1994; Fredriksson-Ahomaa et al., 
2000b). In addition, education of slaughterhouse workers concerning good manufacturing practices to 
avoid cross-contamination is needed. In the butcher shop, carcasses and meat should be kept apart, 
with no contact with tonsils or pluck sets (Fredriksson-Ahomaa et al., 2004). Furthermore, the use of 
pork from the pharyngeal-tonsillar region should only be allowed when pasteurized or heat-treated for 
human consumption.  
 
Y. enterocolitica survives in minced, frozen and modified atmospheres or vacuum-packed pork 
(Bhaduri, 2005b; Hayashidani et al., 2008; Strotmann et al., 2008). Initial contamination levels of Y. 
enterocolitica and Y. pseudotuberculosis in pork before its consumption play a role in the acquisition 
of yersiniosis. In order to reduce exposure to Y. enterocolitica and Y. pseudotuberculosis among 
consumers, methods of cooking, food storage (frozen or in modified atmospheres) and preparation 
should be taken into account. 
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3. AIMS OF THE STUDY 
The aims of the present study were: 
 
I. to determine the prevalence of enteropathogenic Yersinia in Belgium, England, Estonia, Italy, 
Latvia, Russia, and Spain (I - III); 
II. to study the distribution of different bioserotypes (I – III); 
III. to compare different isolation methods (I - III); 
IV. to study the possible contamination routes of enteropathogenic Yersinia in  the  pork  
production chain from the farm to the slaughterhouse (IV – V); and 
V. to study the possible farm factors associated with the presence of enteropathogenic Yersinia in 
Finnish farms (IV – V) 
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4. MATERIALS AND METHODS 
4.1. SAMPLING (I - V) 
A total of 1 916 pigs at slaughter originating from 119 farms in Europe were studied (Table 8). 
Tonsils were collected from fattening pigs from Eastern and Western England (n = 630), Estonia (n = 
151), Latvia (n = 109), the Leningrad Region of Russia (n = 197), Northern Belgium (n = 201), 
Northern Italy (n = 428) and South-east Spain (n = 200) between December 2003 and August 2007.  
 
Table 8. Number of pigs and farms examined from different European countries (I – III) 
 
 
 
 
 
 
 
The 630 English fattening pigs were raised according to three different husbandry types: assured 
British pigs (ABP) (n = 410), organic (n = 48) and ‘open management’ (n = 172, [OM = no particular 
system]) (study III). ABPs are raised outdoors or indoors according to a scheme accredited by the UK 
Accreditation Service to the European Product Certification Standard EN45011. Producers must 
demonstrate a high standard of husbandry and welfare compliant with nationally agreed levels of best 
commercial practice. Organic livestock farming in the UK is defined by EU legislation (EEC 
Regulations, No. 2092/1991). “Organic” pigs must be reared on organic land from birth, slaughtered 
in approved slaughterhouses and butchered in licensed organic premises. An outdoor free range 
system is required, although indoor housing is permitted to protect the animals from extreme weather 
and during fattening without exceeding 20% of the pigs life. Prevention of disease is achieved by 
good husbandry and management practices. OM pigs are not reared according to any specific 
standard, but husbandry merely complies with the current legislative requirements of the UK. These 
pigs are mostly raised in very intensive conditions, but increasing numbers are reared outside. The 
 
Country 
 
Study 
 
Year of sampling 
 
No. of pigs 
 
No. of farms 
 
Belgium 
 
II 
 
2006 
 
201 
 
10 
England III 2003 - 2005 630 45 
Estonia I 2005 151 15 
Italy II 2006 428 20 
Latvia I 2004 109 5 
Russia I 2006 - 2007 197 10 
Spain II 2004 - 2005 200 14 
All            I - III 2003 - 2007 1 916 119 
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pigs originated from 16 different counties in Eastern England (Cambridgeshire, Hampshire, 
Lincolnshire, Norfolk, Suffolk, Oxfordshire, Yorkshire) and Western England (Devon, Dorset, 
Gloucestershire, Herefordshire, Monmouthshire, Shropshire, Somerset, Wiltshire, Worcestershire). In 
order to detect possible seasonal differences in the prevalence of enteropathogenic Yersinia in pigs, 
samples from pigs raised according to the ABP rearing system were collected on 8 farms in both the 
colder (winter) and warmer (summer) periods of the year. 
 
Both tonsils  from each pig were collected using sterile  surgical  gloves and sterile  scalpel  blades for  
studies I - III before the carcasses were chilled. The tonsils were separately placed in sterile bags and 
were transported to the laboratory, frozen 1 to 2 h after collection and stored at -20 ºC. Furthermore, 
in study III, one tonsil from each pair was transported (frozen) to the University of Helsinki and the 
other  to  the  University  of  Bristol.  All  samples  from  studies  I  - III  were  stored  at  -20  ºC  until  
examination. Farm details concerning the location, rearing method, production type and housing 
system were also noted. 
 
A total of 364 pigs on the farm and 358 pigs at the slaughterhouse were sampled from 15 farms in 
southwestern Finland between June 2003 and January 2005 in studies IV and V. Samples were 
selected from five organic farms (median 338 fattening pigs), five conventional farms with a 
production capacity of under 1 000 fattening pigs (median 350) per year, and five conventional farms 
with a production capacity of 1 000 fattening pigs or more (median 2 600) per year. Organic livestock 
farming in Finland was in accordance with European Union regulations (EEC Regulations, No. 
2092/1991). On each farm, 21 to 26 pigs were sampled for Y. enterocolitica and Y. 
pseudotuberculosis.  Rectal swabs were obtained from pigs at the farm, and the pigs were ear tagged 
for further sampling at the slaughterhouse. The time between farm and slaughterhouse sampling was 1 
to 2 weeks. At the slaughterhouse, the intestinal content, tonsils and swabs from the lungs, liver, 
kidneys and the carcass were collected after meat inspection. The intestinal content was collected 
from an incision in the bowel with a sterile spoon, and tonsils using sterile surgical gloves and scalpel 
blades. The lungs, heart, liver and kidneys were swabbed with a 7.5 x 7.5 cm gauze square moistened 
with 10 ml of peptone water. Peptone water-moistened gauze was also used for swabbing the thoracic 
and pelvic cavities of both halves of the carcass and further transferred into 10 ml of PMB 
(phosphate-buffered saline supplemented with 1% mannitol and 0.15% bile salts). 
 
4.2. DATA COLLECTION (IV - V) 
By using a questionnare and on-farm observations, data on farm management were collected in order 
to assess features associated with the presence of Y. enterocolitica and Y. pseudotuberculosis on pig 
farms, as described earlier (Siekkinen et al., 2006).  
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4.3. ISOLATION OF Yersinia enterocolitica and Yersinia pseudotuberculosis (I - V) 
Enteropathogenic Yersinia was isolated by using four different enrichment methods: (1) selective 
enrichment according to ISO 10273:2003 (Anonymous, 2003a) (studies I - V), (2) Bhaduri (2000) 
with modifications (study III), (3) 7 d cold enrichment and (4) 14 d cold enrichment as described both 
by Niskanen et al. (2002) and Korte et al. (2004) (studies I - V). Samples were diluted 1:10 in 
phosphate-buffered saline supplemented with 1% mannitol and 0.15% bile salts (PMB). For selective 
enrichment, 1 ml of the tonsil homogenate was transferred into 9 ml of irgasan-ticarcillin-potassium 
chlorate broth (ITC; Merck, Darmstadt, Germany) and incubated for 2 d at 25 ºC. To isolate 
enteropathogenic Yersinia based on the presence of the virulence plasmid (Bhaduri, 2000 with 
modifications), pre-enrichment was carried out for 24 h at 12 ºC by using 2 g of each tonsil 
homogenized in a Stomacher 80 (Seward, London, UK) for 2 min in 20 ml of a modified typtone soy 
broth (MTSB) containing tryptone soy broth, (TSB, Oxoid, Basingstoke, UK) plus 2.5 g yeast extract 
(Oxoid) in 1 l double distilled water, as described by Bhaduri et al. (1997). After pre-enrichment, 
samples were enriched for 48 h at 12 ºC in a 4 µg/ml irgasan concentration (Ciba Speciality 
Chemicals, Macclesfield, UK). Alkali treatment was performed for 16 - 20 s before plating on Congo 
red brain infusion agarose (CR-BHO, Bhaduri et al. [1997]), incubating for 24 to 48 h at 37 ºC and 
checking for characteristic plasmid-bearing Y. enterocolitica colonies (red centre with white 
circumference). One characteristic oxidase-negative plasmid-bearing colony per sample (picking 
from the red centre) was streaked for purity onto TSA (TSA, Oxoid, Basingstoke, UK) and incubated 
at 25 ºC for 24 h. Gram-negative rod-shaped isolates able to grow on MacConkey agar (Oxoid) were 
further identified with API 20E strips incubated at 25 ºC for 18 - 20 h. For cold enrichment the PMB 
was stored at 4 ºC for 7 and 14 d. The 14 d enrichment was followed immediately before plating by 
an alkali treatment in 0.25% KOH solution for 20 s. Culturing on cefsulodin-irgasan-novobiocin agar 
(CIN; Oxoid, Basingstoke, UK) was used after every enrichment step and CIN agar plates were 
incubated at 30 ºC for 24 h. Furthermore, the plates remained at room temperature for 2 d, and were 
checked for typical colonies (dark pink centre surrounded by a round pink and a translucent area 
having a diameter of approximately 1 mm or less and growing after 24 h for Y. enterocolitica and 48 h 
for Y. pseudotuberculosis). A maximum of three typical colonies on the CIN agar were streaked onto 
tryptic soy agar (TSA; Difco, Detroit, Michigan, USA). Urease activity of the isolates was tested 
using a urea agar slant (Oxoid) incubated at 30 ºC for 24 h. Urease-positive isolates were identified 
with API 20E (BioMérieux., Marcy l`Etoile, France) incubated at 25 ºC for 18 to 20 h.  
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4.4. BIOTYPING AND SEROTYPING (I - V) 
Y. enterocolitica was biotyped based on its ability to ferment sugars (xylose, trehalose and salicine 
fermentation), indole production, pyrazinamidase activity, and tween and esculin degradation 
(Wauters et al., 1987). Y. pseudotuberculosis biotypes described by Tsubokura and Aleksi? (1995) 
were based on citrate utilization, and melibiose and rhamnose fermentation (studies I - III). 
Serotyping was performed using a slide agglutination test with commercial antisera O:1 - O:3, O:5 
and O:9 (Denka Seiken, Tokyo, Japan) for Y. enterocolitica, and antisera O:1 - O:6 for Y. 
pseudotuberculosis (Denka Seiken, Tokyo, Japan). 
 
4.5. IDENTIFICATION OF PATHOGENIC Y. enterocolitica and Y. pseudotuberculosis BY PCR (I - V) 
Pathogenic Y. enterocolitica and Y. pseudotuberculosis were  identified  by  PCR  targeting  the  
chromosomal genes ail (Y. enterocolitica) and inv (Y. pseudotuberculosis) according to Nakajima et 
al. (1992). Furthermore, the plasmid-borne virulence gene virF of Y. enterocolitica and Y. 
pseudotuberculosis was studied according to Nakajima et al. (1992). 
 
4.6. PULSED FIELD GEL ELECTROPHORESIS (IV - V) 
A total of 706 isolates from Y. enterocolitica (420) and Y. pseudotuberculosis (286) were analyzed by 
pulsed-field gel electrophoresis (PFGE) as described by Fredriksson-Ahomaa et al. (1999b) and 
Niskanen et al. (2002), respectively. Restriction enzymes NotI and XhoI for Y. enterocolitica, and 
NotI and SpeI for Y. pseudotuberculosis were used. 
 
4.7. STATISTICAL ANALYSIS (I – II, III, IV - V) 
In studies I - V, a 95% confidence interval was calculated for the prevalence of pigs positive for Y. 
enterocolitica and Y. pseudotuberculosis in the studied countries taking into account the number of 
pigs  coming  from  the  same  farm  (clustering),  and  also  in  studies  I  and  III  - V when assuming 
randomized sampling using the EpiInfo 6 program (Dean et al., 1994). When clustering, the design 
effect (the effect of sampling in clusters) was first calculated and using the design effect the 
confidence interval was then calculated with the Fleiss quadratic method using the EpiInfo 6 program. 
Furthermore, a 95% confidence interval for the prevalence of farms positive for Y. enterocolitica and 
Y. pseudotuberculosis in the studied countries was calculated, taking into account the number of pigs 
coming from the same farm (clustering) using the EpiInfo 6 program (Dean et al., 1994). Differences 
in the prevalence of pig farms positive for Y. enterocolitica and Y. pseudotuberculosis between 
studied countries (studies I - II)  and farms (studies  IV - V) were assessed with the non-parametric 
Mann-Whitney U-test (from the highest to the lowest Y. enterocolitica or Y. pseudotuberculosis farm 
prevalence), using the Statistical Package for Social Sciences (SPSS Inc., Chicago, Illinois, USA). In 
addition, the Cochran-Mantel-Haenszel test for general association was used in study III to test 
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differences in prevalence due to season, husbandry and region while controlling for other variables. In 
order to compare the ability of different methods to isolate Y. enterocolitica and Y. pseudotuberculosis 
using SPSS, the McNemar test for dependent samples was used in studies I - III. 
 
SPSS 15.0.1 was used to calculate the correlations between farm factors and the prevalence of 
pathogenic Y. enterocolitica- or Y. pseudotuberculosis-positive pigs on different farms. In addition, a 
two-level (farm and pig) multivariate logistic regression model was constructed with MLwiN 2.02 
(Centre for Multilevel Modelling, University of Bristol, UK) using the correlation results. Based on 
the findings that fattening pigs can carry Y. enterocolitica and Y. pseudotuberculosis in their tonsils 
without shedding at the farm (Nesbakken et al., 2006), the association between Y. enterocolitica and 
Y. pseudotuberculosis in farm factors was tested with combined on-farm rectal swab results and tonsil 
results from the slaughterhouse in an attempt to include all carriers of pathogenic Y. enterocolitica and 
Y. pseudotuberculosis in the study. In analyses of the association between pathogenic Y. enterocolitica 
and Y. pseudotuberculosis farm factors, a pig was considered positive if either or both rectal and tonsil 
samples were positive and was excluded from the analyses if either the rectal or the tonsil sample was 
missing.  A total  of  14 pigs (4%) were excluded from the analyses due to technical  problems in the 
sampling. 
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5. RESULTS 
5.1. PREVALENCE OF ENTEROPATHOGENIC Yersinia IN DIFFERENT EUROPEAN COUNTRIES (I - 
III) 
5.1.1. PREVALENCE OF ENTEROPATHOGENIC Yersinia IN PIGS AT SLAUGHTER FROM DIFFERENT 
EUROPEAN COUNTRIES (I - III) 
Among the studied slaughter pigs, the prevalence of pathogenic Y. enterocolitica determined by 
culturing was very high in Spain (93%) and Estonia (89%). This pathogen was also frequently isolated 
from slaughter pigs from Latvia (64%), the Leningrad Region of Russia (34%), Belgium (44%), 
England (44%) and Italy (32%) (Table 9). 
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Table 9. Prevalence of pathogenic Yersinia enterocolitica in different European countries 
 
 
 
 
 
 
 
 
 
 
a n: Number of pigs 
b 95% confidence interval taking into account that 20 - 21 pigs from Belgium, 5 - 14 pigs from England, 10 - 11 pigs from Estonia, 12 - 48 pigs from Italy, 4 - 45 pigs from Latvia, 18 - 20 
pigs from the Leningrad Region of Russia and 8 - 19 pigs from Spain originated from the same farm. The design effect (impact of sampling in clusters) was calculated and using the design 
effect the confidence interval was then calculated with the Fleiss quadratic method 
c n: Number of farms 
d 95% confidence interval calculated by Exact binomial estimates                           
   
Pigs 
  
Farms 
Country   
na 
 
No. of positives 
  
Prevalence 
  
95% Confidence intervalb 
  
nc 
 
No. of positives 
  
Prevalence 
  
95% Confidence intervald 
 
Belgium 
  
201 
 
89 
  
44% 
  
22 - 69% 
  
10 
 
8 
  
80% 
  
44 - 98% 
 
England 
  
630 
 
278 
  
44% 
  
33 - 55% 
  
45 
 
31 
  
69% 
  
53 - 82% 
 
Estonia 
  
151 
 
135 
  
89% 
  
81 - 94% 
  
15 
 
15 
  
100% 
  
78 - 100% 
 
Italy 
  
428 
 
137 
  
32% 
  
25 - 40% 
  
22 
 
22 
  
100% 
  
85 - 100% 
 
Latvia 
  
109 
 
70 
  
64% 
  
16 - 96% 
  
5 
 
3 
  
60% 
  
15 - 95% 
 
Russia 
  
197 
 
66 
  
34% 
  
24 - 44% 
  
10 
 
10 
  
100% 
  
69 - 100% 
 
Spain 
  
200 
 
185 
  
93% 
  
81 - 98% 
  
14 
 
14 
  
100% 
  
77 - 100% 
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A statistically significant difference was observed between Y. enterocolitica-positive pigs from 
Estonia and Latvia (p < 0.05) when assuming both randomized sampling and clustering at farms. 
When only assuming randomized sampling, a statistically significant difference between pigs from 
Latvia and England or Belgium (p < 0.001), and England or Belgium and the Leningrad Region of 
Russia (p < 0.01) was observed.  
 
Pathogenic Y. enterocolitica contaminated all farms studied in Estonia (15), Italy (22), the Leningrad 
Region of Russia (10) and Spain (14), while 2 (20%), 14 (31%) and 2 (40%) out of 10, 45 and 5 farms 
were negative in Belgium, England and Latvia, respectively. A total of 77% Y. enterocolitica isolates 
recovered from 682 Belgian, Estonian, Italian, Latvian, Russian and Spanish positive samples were 
virF-positive. 
 
A high prevalence of Y. pseudotuberculosis was observed in slaughter pigs from England (18%) by 
culturing. However, this pathogen was also isolated in pigs at slaughter from the Leningrad Region of 
Russia (7%), Latvia (5%), Belgium (2%) and Estonia (1%). No Y. pseudotuberculosis was isolated 
from slaughter pigs from South-east Spain (Table 10).  
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Table 10. Prevalence of Yersinia pseudotuberculosis in different European countries 
   
Pigs 
  
Farms 
Country 
 
  
na 
 
No. of positives 
  
Prevalence 
  
95% Confidence intervalb 
  
nc 
 
No. of positives 
  
Prevalence 
  
95% Confidence intervald 
 
Belgium 
  
201 
 
5 
  
2% 
  
1 - 8% 
  
10 
 
8 
  
80% 
  
44 - 98% 
 
England 
  
630 
 
114 
  
18% 
  
12 - 26% 
  
45 
 
35 
  
78% 
  
63 - 89% 
 
Estonia 
  
151 
 
2 
  
1% 
  
0.2 - 5% 
  
15 
 
2 
  
13% 
  
2 - 40% 
 
Italy 
  
428 
 
5 
  
1% 
  
0.5 - 2.7% 
  
22 
 
3 
  
14% 
  
3 - 35% 
 
Latvia 
  
109 
 
5 
  
5% 
  
2 - 10% 
  
5 
 
3 
  
60% 
  
15 - 95% 
 
Russia 
  
197 
 
13 
  
7% 
  
4 - 11% 
  
10 
 
6 
  
60% 
  
26 - 88% 
 
Spain 
  
200 
 
0 
  
<0.5% 
  
NCe 
  
14 
 
0 
  
<7% 
  
0.2 - 34% 
               
a n: Number of pigs 
b 95% confidence interval taking into account that 20 - 21 pigs from Belgium, 5 - 14 pigs from England, 10 - 11 pigs from Estonia, 12 - 48 pigs from Italy, 4 - 45 pigs from Latvia, 18 - 20 
pigs from the Leningrad Region of Russia and 8 - 19 pigs from Spain originated from the same farm. The design effect (impact of sampling in clusters) was calculated and using the design 
effect the confidence interval was then calculated with the Fleiss quadratic method 
c n: Number of farms 
d 95% confidence interval calculated by Exact binomial estimates 
e NC: Could not be calculated 
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Differences in the prevalence of Y. pseudotuberculosis were statistically significant (p < 0.05) 
between England and Russia (p < 0.05) when assuming both randomized sampling and clustering at 
farms. 
 
While no contamination with pathogenic Y. pseudotuberculosis was observed among Spanish farms, 
35 (78%), 8 (80%), 6 (60%), 3 (14%), 3 (60%), and 2 (13%) out of 45, 10, 10, 22, 5, and 15 farms 
were contaminated in England, Belgium, the Leningrad Region of Russia, Italy, Latvia and Estonia, 
respectively. All Y. pseudotuberculosis isolates (30) contained the virF gene. 
 
Both pathogenic Y. enterocolitica and Y. pseudotuberculosis were isolated from a total of 1% of pigs 
studied (21/1916) from England (12/630), the Leningrad Region of Russia (7/197), Belgium (1/201) 
and Latvia (1/109). 
 
5.1.2. PREVALENCE OF ENTEROPATHOGENIC Yersinia IN DIFFERENT HUSBANDRY SYSTEMS (III) 
For farms sampled during the summer in England, both husbandry and region had an independently 
significant effect on the prevalence of Y. enterocolitica (p < 0.005) (Table 11). The highest prevalence 
of Y. enterocolitica during the summer was observed among ABP pigs (47%) when compared to 
organic (24%) and OM (13%) pigs. Among eight English ABP farms located in Eastern England, a 
lower prevalence of Y. enterocolitica in summer (54%), than in winter (79% [p < 0.001]) was 
observed. 
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Table 11. Prevalence of Yersinia enterocolitica in pigs from Western and Eastern England according to the rearing method and season 
 
 
 
Rearing 
method 
  
Western England 
  
Eastern England 
  
 
Total   
Summer 
  
Winter 
  
Subtotal 
  
Summer 
  
Winter 
  
Subtotal 
 
  
No. of 
samples 
 
Prevalence 
  
No. of 
samples 
 
Prevalence 
  
No. of 
samples 
 
Prevalence 
  
No. of 
samples 
 
Prevalence 
  
No. of 
samples 
 
Prevalence 
  
No. of 
samples 
 
Prevalence 
  
No. of 
samples 
 
Prevalence 
 
Assured 
British Pigs 
  
50 
 
14% 
  
40 
 
53% 
  
90 
 
31% 
  
207 
 
55% 
  
113 
 
78% 
  
320 
 
63% 
  
410 
 
56% 
 
Organic 
  
38 
 
11% 
  
NS 
 
NS 
  
38 
 
11% 
  
10 
 
20% 
  
NS 
 
NS 
  
10 
 
20% 
  
48 
 
13% 
 
Open 
Management 
  
142 
 
28% 
  
NS 
 
NS 
  
142 
 
28% 
  
30 
 
7% 
  
NS 
 
NS 
  
30 
 
7% 
  
172 
 
24% 
 
All 
  
230 
 
22% 
  
40 
 
53% 
  
270 
 
27% 
  
247 
 
48% 
  
113 
 
78% 
  
360 
 
57% 
  
630 
 
44% 
NS: No samples were collected 
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For farms sampled during the summer, both husbandry and region had independently significant 
effects (p < 0.0001) on the prevalence of Y. pseudotuberculosis (Table 12). The prevalence of Y. 
pseudotuberculosis among pigs from organic, OM and ABP husbandry systems in summer was 27%, 
25% and 11%, respectively. Among eight ABP farms located in Eastern England, a higher 
prevalence of Y. pseudotuberculosis was observed in summer (20%) than in winter (10%, [p < 
0.05]). 
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Table 12. Prevalence of Yersinia pseudotuberculosis in pigs from Western and Eastern England according to the rearing method and season 
NS: No samples were collected 
 
 
 
 
 
Rearing 
method 
  
Western England 
  
Eastern England 
  
 
Total   
Summer 
  
Winter 
  
Subtotal 
  
Summer 
  
Winter 
  
Subtotal 
 
  
No. of 
samples 
 
Prevalence 
  
No. of 
samples 
 
Prevalence 
  
No. of 
samples 
 
Prevalence 
  
No. of 
samples 
 
Prevalence 
  
No. of 
samples 
 
Prevalence 
  
No. of 
samples 
 
Prevalence 
  
No. of 
samples 
 
Prevalence 
 
Assured 
British Pigs 
  
50 
 
46% 
  
40 
 
13% 
  
90 
 
31% 
  
207 
 
20% 
  
113 
 
12% 
  
320 
 
17% 
  
410 
 
20% 
 
Organic 
  
38 
 
32% 
  
NS 
 
NS 
  
38 
 
32% 
  
10 
 
10% 
  
NS 
 
NS 
  
10 
 
10% 
  
48 
 
27% 
 
Open 
Management 
  
142 
 
12% 
  
NS 
 
NS 
  
142 
 
12% 
  
30 
 
7% 
  
NS 
 
NS 
  
30 
 
7% 
  
172 
 
11% 
 
All 
  
230 
 
23% 
  
40 
 
13% 
  
270 
 
21% 
  
247 
 
18% 
  
113 
 
12% 
  
360 
 
16% 
  
630 
 
18% 
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5.2. DIFFERENT BIOSEROTYPES OF ENTEROPATHOGENIC Yersinia IN EUROPE (I - III) 
A total of 1 054 pathogenic Y. enterocolitica isolates out of 960 positive samples were obtained. 
Bioserotype 4/O:3 was the most commonly isolated (79%) type among all studied countries except in 
England, where bioserotypes 2/O:9 (33%) and 2/O:5 (26%) of Y. enterocolitica predominated (Table 
13). Y. enterocolitica bioserotypes 2/O:3 (2%), 3/O:9 (1%) and 3/O:3 (0.1%) were also isolated in 
England, showing a wide bioserotype diversity when compared to other studied countries. 
Furthermore, 8% of pathogenic Y. enterocolitica belonging to biotypes 2 (8%) and 3 (0.2%) could not 
be identified by serotyping.  
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Table 13. Bioserotypes of pathogenic Yersinia enterocolitica isolates recovered from pig tonsils 
     
2/O:3 
  
2/O:5 
  
2/O:9 
  
2/NI 
  
3/O:3 
  
3/O:9 
  
3/NI 
  
4/O:3 
Country  na  No. of 
positives (%) 
 No. of 
positives (%) 
 No. of 
positives (%) 
 No. of 
positives (%) 
 No. of 
positives (%) 
 No. of 
positives (%) 
 No. of 
positives (%) 
 No. of 
positives (%) 
 
Belgium 
 
  
89 
  
0 
  
0 
  
0 
  
0 
  
0 
  
8 (9%) 
  
0 
  
81 (91%) 
England 
 
 278   24 (7%)  97 (26%)  124 (33%)  85 (23%)  1 (0.3%)  0  2 (0.5%)  39 (11%) 
Estonia 
 
 135   0  0  0  0  0  0  0  135 (100%) 
Italy 
 
 137   0  1 (1%)  0  0  0  0  0  136 (99%) 
Latvia 
 
 70   0  0  0  0  0  0  0  70 (100%) 
Russia 
 
 66   0  0  0  0  0  0  0  66 (100%) 
Spain 
 
 185   0  0  0  0  0  0  0  185 (100%) 
All  960   24 (2%)  98 (9%)  124 (12%)  85 (8%)  1 (0.1%)  8 (1%)  2 (0.2%)  712 (68%) 
a n: Number of pathogenic Y. enterocolitica-positive pig tonsils 
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A total of 152 Y. pseudotuberculosis isolates were recovered out of 144 positive samples (Table 14). 
Most isolates belonged to bioserotype 2/O:3 (43%), followed by 1/O:1 (21%), 1/O:4 (19%), 1/O:2 
(5%), 1/O:3 (4%), 2/O:5 (1%) and 3/O:3 (1%) bioserotypes of Y. pseudotuberculosis. The highest 
bioserotype diversity of Y. pseudotuberculosis was recorded among English pigs, with eight 
bioserotypes of Y. pseudotuberculosis. Y. pseudotuberculosis 1/O:1 (p < 0.05, ?2 test) predominated in 
Western England, while bioserotypes 1/O:4 (p <  0.05,  ?2 test)  and  2/O:3  (p < 0.001, ?2 test) of Y. 
pseudotuberculosis predominated in Eastern England. One isolate in England could not be identified. 
Apart from the predominating bioserotype 2/O:3 of Y. pseudotuberculosis, a further two (1/O:1, 
1/O:2) and one (1/O:1) bioserotypes of Y. pseudotuberculosis were isolated in Belgium and Italy, 
respectively. An Italian isolate belonging to bioserotype 2 could not be identified by serotyping.  
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Table 14. Bioserotypes of Yersinia pseudotuberculosis recovered from pig tonsils 
     
1/O:1 
  
1/O:2 
  
1/O:3 
  
1/ O:4 
  
2/O:1 
  
2/O:3 
  
2/ O:5 
  
2/NT 
  
3/ O:3 
  
NI 
Country  na   
No. of  
positives  
(%) 
  
No. of  
positives  
(%) 
  
No. of  
positives  
(%) 
  
No. of  
positives  
(%) 
  
No. of  
positives  
(%) 
  
No. of  
positives  
(%) 
  
No. of  
positives  
(%) 
  
No. of  
positives  
(%) 
  
No. of  
positives  
(%) 
  
No. of  
positives  
(%) 
 
Belgium 
  
5 
  
1 (20%) 
  
1 (20%) 
  
0 
  
0 
  
0 
  
3 (60%) 
  
0 
  
0 
  
0 
  
0 
England  114  32 (26%)  8 (7%)  6 (5%)  29 (24%)  3 (3%)  41 (34%)  1 (1%)  0  1 (1%)  1 (1%) 
Estonia  2  0  0  0  0  0  2 (100%)  0  0  0  0 
Italy  5  3 (60%)  0  0  0  0  1 (20%)  0  1  (20%)   0  0 
Latvia  5  0  0  0  0  0  5 (100%)  0  0  0  0 
Russia  13   0  0  0  0  0  13 (100%)  0  0  0  0 
Spain  0  0  0  0  0  0  0  0  0  0  0 
All  144  36 (24%)  9 (6%)  6 (4%)  29 (19%)  3 (2%)  65 (43%)  1 (1%)  1 (1%)  1 (1%)  1 (1%) 
a n: Number of Y. pseudotuberculosis-positive pig tonsils 
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5.3. PREVALENCE OF ENTEROPATHOGENIC Yersinia USING DIFFERENT ISOLATION METHODS (I 
- III) 
Variation in the number of positive samples depending on the enrichment method was observed for 
enteropathogenic Yersinia (Tables 15 and 16). The combination of cold enrichment for 7 and 14 days 
was significantly more productive than selective enrichment in the isolation of Y. enterocolitica from 
pig  samples  from Estonia  and  Russia  (p < 0.05,  McNemar  test),  as  well  as  Belgium and  Italy  (p < 
0.001, McNemar test), and than selective enrichment and the Bhaduri method in England (p < 0.001, 
McNemar test) (Table 15). Statistically significantly higher isolation rates of Y. pseudotuberculosis 
after cold enrichment for both 7 and 14 days than after selective enrichment were obtained in Estonia 
and the Leningrad Region of Russia (p < 0.05, McNemar test), and in England (p < 0.001, McNemar 
test). The highest recovery of Y. pseudotuberculosis was obtained after 14 days of cold enrichment (p 
< 0.001, McNemar test) (Table 16). Selective enrichment in ITC and the Bhaduri methods gave poor 
results for Y. pseudotuberculosis, although they are much more rapid than cold enrichment. Moreover, 
19 (19/38, 50%) Y. pseudotuberculosis isolates  were recovered from incubated CIN plates  stored at  
room temperature for two days after one day of incubation at 30 °C.  
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Table 15. Prevalence of pathogenic Yersinia enterocolitica using different isolation methods 
Y. enterocolitica 
bioserotype 
 
 
Country 
 
Isolation method 
 
 
Total 
  Selective 
enrichmenta 
 Cold enrichment    
    
After 7 daysb 
  
After 14 daysc 
  
Total 
 Bhaduri method 
(detection of pYV-positive Yersinia)d 
 
 
2/O:3 
  
England 
  
4 (1%) 
  
6 (2%) 
  
10 (3%) 
  
16 (4%) 
  
4 (1%) 
  
24 (7%) 
2/O:5  England  31 (8%)  33 (9%)  25 (7%)  54 (15%)  48 (13%)  97 (26%) 
  Italy  1 (1%)  1 (1%)  1 (1%)  1 (1%)  NDe  1 (1%) 
2/O:9  England  46 (12%)  34 (9%)  34 (9%)  63 (17%)  37 (10%)  124 (33%) 
2/NI  England  32 (9%)  21 (6%)  27 (7%)  43 (12%)  10 (3%)  85 (23%) 
3/O:3  England  1 (0.3%)  0  0  0  0  1 (0.3%) 
3/O:9  Belgium  0  4 (5%)  7 (8%)  8 (9%)  NDe  8 (9%) 
3/NI  England  0  1 (0.3%)  1 (0.3%)  2 (0.5%)  0  2 (0.5%) 
4/O:3  Belgium  66 (74%)  55 (62%)  73 (82%)  78 (88%)  NDe  81 (91%) 
  England  11 (3%)  14 (4%)  13 (4%)  25 (7%)  18 (5%)  39 (11%) 
  Estonia  88 (85%)  111 (74%)  113 (75%)  133 (88%)  NDe  135 (100%) 
  Italy  50 (36%)  95 (69%)  114 (83%)  125 (91%)  NDe  136 (99%) 
  Latvia  171 (50%)  NDe  170 (50%)  NDe  NDe  341 (100%) 
  Russia  37 (25%)  52 (35%)  59 (40%)  111 (75%)  NDe  148 (100%) 
  Spain  171 (92%)  147 (80%)  111 (60%)  160 (87%)  NDe  185 (100%) 
a Selective enrichment  
b Cold enrichment after 7 days in PMB and plating on CIN according to Niskanen et al. (2002) and Korte et al. (2004). 
c Cold enrichment after 14 days in PMB with KOH treatment and plating on CIN according to Niskanen et al. (2002) and Korte et al. (2004). 
d Bhaduri method (detection of pYV-positive Yersinia): Enrichment in MTSB plus irgasan and plating on CR-BHO based on Bhaduri (2000) with slight modifications 
e ND: Not determined by using the corresponding isolation method 
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Table 16. Prevalence of Yersinia pseudotuberculosis using different isolation methods  
Y. pseudotuberculosis 
bioserotype 
 
Country 
 Isolation method  
Total 
  
Selective 
enrichmenta 
 Cold enrichment    
   After 7 daysb  After 14 daysc  Total  
Bhaduri method 
(detection of pYV-positive Yersinia)d  
 
1/O:1  
 
Belgium  
 
0  
 
0  
 
1 (20%)  
 
1 (20%)  
 
NDe  
 
1 (20%) 
  England  0  14 (12%)  21 (17%)  31 (25%)  2 (2%)  32 (26%) 
  Italy  0  1 (20%)  3 (60%)  3 (60%)  NDe  3 (60%) 
 
1/O:2  Belgium   0  0  1 (20%)  1 (20%)  NDe  1 (20%) 
  England  0  4 (3%)  6 (5%)  8 (7%)  0  8 (7%) 
 
1/O:3  England  0  1 (1%)  1 (1%)  2 (2%)  4 (3%)  6 (5%) 
 
1/O:4  England  9 (7%)  12 (10%)  10 (8%)  18 (15%)  6 (5%)  29 (24%) 
 
2/O:1  England  0  2 (2%)  2 (2%)  3 (3%)  0  3 (3%) 
 
2/O:3  Belgium   0  1 (20%)  3 (60%)  3 (60%)  NDe  3 (60%) 
  England  0  18 (15%)  21 (17%)  37 (30%)  4 (3%)  41 (34%) 
  Estonia   0  1 (33%)  2 (67%)  2 (67%)  NDe  3 (100%) 
  Italy  0  1 (20%)  1 (20%)  1 (20%)  NDe  1 (20%) 
  Latvia  0  NDe  14 (100%)  14 (100%)  NDe  14 (100%) 
  Russia  1 (1%)  6 (29%)  11 (52%)  13 (62%)  NDe  21 (100%) 
 
2/O:5  England  0  0  1 (1%)  1 (1%)  0  1 (1%) 
 
2/NTf  Italy  0  1 (20%)  1 (20%)  1 (20%)  NDe  1 (20%) 
 
3/O:3  England  0  1 (1%)  0  1 (1%)  0  1 (1%) 
 
NI/NIg  England  0  0  0  0  1 (1%)  1 (1%) 
a Selective enrichment  
b Cold enrichment after 7 days in PMB and plating on CIN according to Niskanen et al. (2002) and Korte et al. (2004) 
c Cold enrichment after 14 days in PMB with KOH treatment and plating on CIN according to Niskanen et al. (2002) and Korte et al. (2004) 
d Bhaduri method (detection of pYV-positive Yersinia): Enrichment in MTSB plus irgasan and plating on CR-BHO based on Bhaduri (2000) with slight modifications 
e ND: Not determined by using the corresponding isolation method 
f NT: Serotype not tested 
g NI/NI: Biotype and serotype not-identified 
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5.4. CONTAMINATION AND TRANSMISSION OF ENTEROPATHOGENIC Yersinia FROM FARM TO 
SLAUGHTERHOUSE (IV - V) 
A total of 22 (6%) pigs were positive for pathogenic Y. enterocolitica and 29 (8%) pigs were positive 
for Y. pseudotuberculosis at the farm level in Finland (Table 17). At the slaughterhouse level, 27 
(8%), 124 (35%), 33 (9%) and 23 (6%) rectal, tonsil, pluck set and carcass pig samples, respectively, 
were positive for pathogenic Y. enterocolitica, and 24 (7%), 34 (10%), 6 (2%) and 10 (3%) for Y. 
pseudotuberculosis in Finland (Tables 18 and 19). All pathogenic Y. enterocolitica isolates belonged 
to bioserotype 4/O:3 and Y. pseudotuberculosis isolates to serotype O:3.  
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Table 17. Enteropathogenic Yersinia isolated from rectal swab samples in conventionally and organically produced pigs at the farm level in Finland 
    Yersinia enterocolitica  
 
Yersinia pseudotuberculosis 
   No. of positives 
 
Prevalence  95% Confidence Interval  
No. of 
positives 
 
Prevalence  95% Confidence Interval 
Production type na     Random samplingb 
Clustering at 
farmsc     
Random 
samplingb 
Clustering at 
farmsc 
 
Organicd 
 
121  
 
1 
 
1%  
 
0 – 5% 
 
0 – 6%  
 
23 
 
19%  
 
12 – 27% 
 
5 – 48% 
Conventional 
(total) 243  21 9%  5 – 13% 2 – 26%  6 3%  1 – 6% 0 – 14% 
High Capacitye 125  19 15%  9 – 23% 3 – 46%  6 5%  2 – 11% 0 – 27% 
Low Capacityf 118  2 2%  0 – 6% 0 – 11%  0 <1%  0 – 3% NCh 
All 364  22 6%  4 – 9% 1 – 20%  29 8%  6 – 12% 2 – 21% 
a n: Number of samples 
b Random sampling: 95% Confidence Interval of prevalence when sampling was assumed to be randomized (exact binomial estimates) 
c Clustering at farms: 95% Confidence Interval of prevalence when 21 – 26 pigs sampled from each farm were considered (Fleiss quadratic 95% Confidence Interval) 
d Organic: Median production capacity of 338 fattening pigs per year 
e High Capacity: Median production capacity of 2 600 fattening pigs per year 
f Low Capacity: Median production capacity of 350 fattening pigs per year 
h NC: Could not be calculated 
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Table 18. Pathogenic Yersinia enterocolitica in conventionally and organically produced pigs at the slaughterhouse level in Finland 
   Intestinal content  
 
Tonsils  
 
Pluck set  
 
Carcass 
Production 
type  n
a 
No. 
posb 
(%) 
 
 
95% Confidence 
Interval 
 na 
No 
posb 
(%) 
 
 
95% Confidence 
Interval 
 na 
No. 
posb 
(%) 
 
 
95% Confidence 
Interval 
 na 
No. 
posb 
(%) 
 
 
95% Confidence 
Interval 
     Random samplingc 
Clustering 
at farmsd     
Random 
samplingc 
Clustering 
at farmsd     
Random 
samplingc 
Clustering 
at farmsd     
Random 
samplingc 
Clustering 
at farmsd 
 
Organice  
 
119 
 
1 
(1) 
  0 – 5% 
 
0 – 6%  
 
119 
 
18 
(15) 
  9 – 23% 
 
7 – 29%  
 
120 
 
5 
(4) 
  1 – 9% 
 
1 – 14%  
 
120 
 
2 
(2) 
  0 – 6% 
 
0 – 12% 
Conventional 
(total)  239 
26 
(10)  7 – 16% 4 – 26%  231 
106 
(46)  39 – 53% 25 – 68%  234 
28 
(12)  8 – 17% 6 – 23%  239 
21 
(9)  6 – 13% 1 – 31% 
High 
Capacityf  121 
18 
(15)  9 – 22% 4 – 40%  117 
73 
(62)  54 – 72% 26 – 90%  119 
21 
(18)  11 – 26% 7 – 36%  121 
17 
(14)  8 – 22% 1 – 54% 
Low 
Capacityg  118 
8 
(7)  3 – 13% 0 – 32%  114 
32 
(28)  20 – 37% 14 – 47%  115 
7 
(6)  2 – 12% 3 – 13%  118 
4 
(3)  1 – 8% 0 – 22% 
All  358 27 (8)  5 – 11% 3 – 18%  350 
124 
(35)  30 – 41% 20 – 54%  354 
33 
(9)  7 – 13% 5 – 17%  359 
23 
(6)  4 – 9% 1 – 22% 
a n: Number of samples 
b No. pos: Number of positive samples 
c Random sampling: 95% Confidence Interval of prevalence when sampling was assumed to be randomized (exact binomial estimates) 
d Clustering at farms: 95% Confidence Interval of prevalence when 21 – 26 pigs sampled from each farm were considered (Fleiss quadratic 95% Confidence Interval) 
e Organic: Median production capacity of 338 fattening pigs per year 
f High Capacity: Median production capacity of 2 600 fattening pigs per year 
g Low Capacity: Median production capacity of 350 fattening pigs per year 
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Table 19. Yersinia pseudotuberculosis in conventionally and organically produced pigs at the slaughterhouse level in Finland 
  
Intestinal content 
 
Tonsils 
 
Pluck set 
 
Carcass 
Production 
type 
 na No. 
posb 
(%) 
  
95% Confidence 
Interval 
 na No 
posb 
(%) 
  
95% Confidence 
Interval 
 na No. 
posb 
(%) 
  
95% Confidence 
Interval 
 na No. 
posb 
(%) 
  
95% Confidence 
Interval 
     Random 
samplingc 
Clustering 
at farmsd 
    Random 
samplingc 
Clustering 
at farmsd 
    Random 
samplingc 
Clustering 
at farmsd 
    Random 
samplingc 
Clustering 
at farmsd 
 
Organice 
  
119 
 
11 
(9) 
  
5 – 16% 
 
2 – 31% 
  
119 
 
28 
(24) 
  
17 – 33% 
 
4 – 62% 
  
120 
 
5 
(4) 
  
1 – 9% 
 
0 – 24% 
  
120 
 
10 
(8) 
  
4 – 15% 
 
1 – 37% 
Conventional 
(total) 
 239 13 
(5) 
 3 – 9% 0 – 28%  231 6 
(3) 
 1 – 6% 1 – 9%  234 1 
(0.4) 
 0 – 2% 0 – 3%  239 0 
(<0.4) 
 0 – 2% NCh 
High 
Capacityf 
 121 13 
(11) 
 6 – 19% 0 – 49%  117 4 
(3) 
 1 – 9% 0 – 18%  119 0 
(<1) 
 0 – 3% NCh  121 0 
(<1) 
 0 – 3% NCh 
Low 
Capacityg 
 118 0 
(<1) 
 0 – 3% NCh  114 2 
(2) 
 0 – 6% 0 – 6%  115 1 
(1) 
 0 – 6% 0 – 6%  118 0 
(<1) 
 0 – 3% NCh 
All  358 24 
(7) 
 5 – 10% 2 – 20%  350 34 
(10) 
 7 – 14% 3 – 27%  354 6 
(2) 
 1 – 4% 0 – 7%  359 10 
(3) 
 2 – 5% 0 – 14% 
a n: Number of samples 
b No. pos: Number of positives samples 
c Random sampling: 95% Confidence Interval of prevalence when sampling was assumed to be randomized (exact binomial estimates) 
d Clustering at farms: 95% Confidence Interval of prevalence when 21 – 26 pigs sampled from each farm were considered (Fleiss quadratic 95% Confidence Interval) 
e Organic: Median production capacity of 338 fattening pigs per year 
f High Capacity: Median production capacity of 2 600 fattening pigs per year 
g Low Capacity: Median production capacity of 350 fattening pigs per year 
h NC: Could not be calculated 
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The prevalence of pathogenic Y. enterocolitica 4/O:3  was  significantly  higher  in  all  samples  from  
conventional than organic pig production, and among conventional farms with a high compared to a 
low production capacity when sampling was assumed to be randomized (Tables 17 and 18). However, 
no significant differences were observed with the Mann-Whitney U-test (p > 0.05) when the number 
of  pigs  (21  –  26)  per  farm  was  taken  into  account.  Concerning  Y. pseudotuberculosis samples, a 
higher prevalence was observed in organic than conventional pork production (Tables 17 and 19). 
Among positive Y. pseudotuberculosis rectal  swabs (p < 0.001),  tonsils  (p < 0.001), pluck sets (p < 
0.01) and carcasses (p < 0.001) from organic and conventional production, a significant difference 
was observed when sampling was assumed to be randomized (?2 test), but not when 21 – 26 pigs per 
farm were considered (Mann-Whitney U-test). A higher prevalence of Y. pseudotuberculosis was 
recorded from rectal swab, intestinal content and tonsil samples from conventional farms with a high 
compared to a low production capacity (Tables 17 and 19). Among low and high production capacity 
conventional farms, a significant difference (?2 test) in rectal swabs (p < 0.05) and intestinal contents 
(p < 0.001) from all pigs was observed when sampling was assumed to be randomized (?2 test), but 
not with clustering at farms (Mann-Whitney U-test). 
 
The high prevalence of pathogenic Y. enterocolitica 4/O:3 among slaughter pigs in Finland was 
associated in correlation and logistic analyses with drinking from a nipple and the absence of coarse 
feed or bedding (Table 20). Thus, correlation analysis associated a high production capacity, wet 
feeding and no access of pest animals to the pig house or feed/litter storage, with a high prevalence of 
pathogenic Y. enterocolitica, whereas low feed production hygiene, possible contamination of feed 
with faeces and high stocking associated with a high prevalence of pathogenic Y. enterocolitica on 
conventional farms. However, a high prevalence of Y. pseudotuberculosis in correlation and logistic 
analyses was associated with contact with pets and pest animals and the outside environment (Table 
20). In addition, a high prevalence of Y. pseudotuberculosis was associated in correlation analysis 
with organic production and farm management practices such as a large group size on conventional 
farms and the use of troughs for drinking. 
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Table 20. Results of two-level multivariate logistic regression analysis for farm factors associated with the prevalence of 
enteropathogenic Yersinia in herdsa, b 
 
Enteropathogenic 
Yersinia 
 
Variable 
 
Estimate 
 
Odds 
ratio 
 
95% Confidence Interval 
of odds ratio 
 
p 
value 
 
Yersinia  
enterocolitica 
     
 Constant 1.127 3.086 0.438 – 21.740 0.260 
 Pest animals have access to pig 
house 
-1.348 0.260 0.067 – 1.000 0.050 
 Slaughter pigs have coarse feed or 
bedding 
-1.713 0.180 0.043 – 0.754 0.019 
 Slaughter pigs drink from nipple 1.539 4.660 1.358 – 15.988 0.014 
Yersinia 
pseudotuberculosis 
     
 Constant -4.353 0.01 0.003 – 0.051 0.000 
 Birds have access to piggery 2.575 13.13 1.966 – 87.72 0.008 
 Number of months that pigs have 
access to outdoor area 
0.269 1.31 1.041 – 1.646 0.021 
aY. enterocolitica herd variance (?2 farm) 0.855 (Standard Error, SE = 0.421), p value = 0.042 (Wald test), intraclass 
correlation coefficient (ICC) = 0.113  
bY. pseudotuberculosis herd variance (?2 farm) 1.660 (Standard Error, SE = 1.016), p value = 0.103 (Wald test), intraclass 
correlation coefficient (ICC) = 0.492 
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Altogether, 420 pathogenic Y. enterocolitica and 286 Y. pseudotuberculosis isolates were typed with 
PFGE. A total of six and seven, and seven and four different PFGE patterns were obtained using NotI 
and XhoI, and SpeI and NotI enzymes for Y. enterocolitica and Y. pseudotuberculosis isolates, 
respectively. By combining the NotI and XhoI, and SpeI and NotI profiles, ten (gI-gX) and eight (gI-
gVIII) different genotypes were obtained among Y. enterocolitica and Y. pseudotuberculosis isolates, 
respectively.  
 
The same genotypes of pathogenic Y. enterocolitica on  carcasses  were  also  present  among  rectal  
swabs from all pigs belonging to the same farm and among intestinal content or tonsils from all except 
one pig coming from the same farm at slaughter (Table 21). Furthermore, 28 out of 33 pigs from the 
same farm shared the same genotype of pathogenic Y. enterocolitica 4/O:3 on pluck sets.  
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Table 21. Distribution of pathogenic Yersinia enterocolitica genotypes in carcass-positive or pluck set-positive pigs 
 
Farm 
 
Farm type 
 
Pig 
 
Rectal swab 
 
Intestinal content 
 
Tonsils 
 
Pluck set 
 
Carcass 
 
B 
 
Conventional 
High capacity 
 
2 
 
 
 
 
 
gI 
 
gIII 
 
 
  11   gV gV  
  13   gV gV  
C Conventional 
High capacity 
224  gIII gII  gIII 
  231 gIII    gIII 
  232 gIII  gIII gIII gIII 
  233 gIII gIII  gIII gIII 
  234 gIII gIII gIII  gIII 
  235   gIII gIII  
  237   gIII gIII gIII 
  238   gIII  gIII 
  239 gIII gIII gIII gIII gIII 
  240 gIII  gIII  gIII 
  242   gIII gIII gIII 
  244   gIII gVII gIII 
  245   gIII  gIII 
  247 gIII gIII gIII, gIX gIII gIII 
D Organic 149    gI  
  151   gIII gI  
  154   gIII gI  
E Conventional 
Low capacity 
207    gIII  
I Conventional 
High capacity 
100    gIII  
  104   gIII gIII  
  113   gIII gIII  
  116   gI gI  
  119   gI gI  
J Organic 319     gIII 
  327 gIII gIII gIII gIII gIII 
  339   gIII gIII  
K Conventional 
Low capacity 
75   gI  gI 
  81 gI gI gI  gI 
  83  gI  gIX  
  90   gI  gI 
  93    gIX  
  96 gI gI gI gI gI 
L Conventional 
High capacity 
344   gI  gI 
  345 gIII  gIII  gIII 
  346 gIII gIII gIII gIII  
  351 gI gI gI gI gI 
  359 gI gII gI gI  
  361 gI gI gI gI gI 
  362   gI gI  
N Conventional 
Low capacity 
380   gII, gIII gIII  
O Conventional 
Low capacity 
314  gIII gI gI  
  317    gIII  
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Y. pseudotuberculosis genotypes on pluck sets and carcasses were the same among pigs coming from 
the same farm (Table 22). In every pig, the Y. pseudotuberculosis genotypes found on carcasses were 
the same as found in rectal swabs, intentinal contents or tonsils.  
 
Table 22. Distribution of Yersinia pseudotuberculosis genotypes in carcass-positive or pluck set-positive pigs 
 
Farm 
 
Farm type 
 
Pig 
 
Rectal swab 
 
Intestinal content 
 
Tonsils 
 
Pluck set 
 
Carcass 
 
A 
 
Organic 
 
273 
 
gII 
  
gII 
  
gII 
  274 gIV, gVII    gIV 
  275 gII, gVIII   gII gVIII 
  276  gII   gII 
  280    gII  
  286 gII  gII  gII 
  287 gII, gIV gII  gIV gIV 
  289 gII    gII 
  291 gII  gII gII  
  292 gII   gII gII 
  297  gII   gII 
D Organic 204   gIII  gIII 
O Conventional 304    gII  
75 
 
6. DISCUSSION 
6.1. PREVALENCE OF ENTEROPATHOGENIC Yersinia IN DIFFERENT EUROPEAN COUNTRIES (I - 
III) 
6.1.1. PREVALENCE OF PATHOGENIC Y. enterocolitica (I - III) 
The prevalence of pathogenic Y. enterocolitica was extremely high when isolating from the tonsils of 
fattening pigs from Spain (93%), indicating that pathogenic Y. enterocolitica is very common in 
Southern Europe. Previous reports on the prevalence of Y. enterocolitica among fattening pigs in 
Southern European countries such as Greece and Italy have reported the lowest isolation rates, 13% 
and 15%, respectively (Bonardi et al., 2003; Kechagia et al., 2007). A higher prevalence of pathogenic 
Y. enterocolitica among Northern Italian pigs (32%) was shown in this study when compared to 
previously reported values, which could be due to the use of different isolation methods (Bonardi et 
al., 2003).  
 
A similar prevalence of pathogenic Y. enterocolitica was  recorded  among  slaughter  pigs  from  
Belgium (44%), England (44%), Latvia (64%) and Russia (34%) to that in previous reports from 
Germany (38 - 60%), Finland (36 - 37%) and Switzerland (34%) (Asplund et al., 1990; Fredriksson-
Ahomaa et al., 2000a, 2001c; Gürtler et al., 2005). However, the prevalence of pathogenic Y. 
enterocolitica was extremely high in Estonia (83%). Such an extremely high prevalence of pathogenic 
Y. enterocolitica among fattening pigs has not been previously reported, unless compared with our 
studied Spanish samples. 
 
Farms from the studied countries were commonly contaminated with pathogenic Y. enterocolitica. 
Such contamination occurred among all studied farms in Estonia, Italy, Russia and Spain. The 
importance of contamination with pathogenic Y. enterocolitica at the farm level is due to the potential 
for spread from the contaminated farm to other pigs and farms and the outside environment 
(Fukushima et al., 1983; Fredriksson-Ahomaa et al., 2001a). 
 
ABP pigs showed the highest prevalence of pathogenic Y. enterocolitica among husbandry methods 
studied. Intensive production has probably increased the prevalence of Y. enterocolitica at  farms  
(Skjerve et al., 1998). Winter was the predominat season for pathogenic Y. enterocolitica among ABP 
pigs. From December to January and November to December, a higher prevalence of Y. enterocolitica 
has been observed than in other months of the year in the United Kingdom and Germany, respectively 
(Weber and Knapp, 1981; Milnes et al., 2008). However, in Sweden, a predominance of Y. 
enterocolitica during the summer has been observed (Lindblad et al., 2007). 
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6.1.2. PREVALENCE OF Y. pseudotuberculosis (I - III) 
English pigs showed the highest prevalence of Y. pseudotuberculosis (18%) among studied countries. 
This  is  the  first  time  such  a  high  prevalence  of  Y. pseudotuberculosis from pigs has been reported. 
This could be due to the frequency of outdoor rearing in England, with subsequently greater contact 
between pigs, wild animals and the outside environment. Rats and wild animals in England have been 
reported to carry Y. pseudotuberculosis (Paterson and Cook, 1963; Webster, 1996). In order to 
determine the role of wild animals as reservoirs and sources of contamination in England, further 
studies are needed. 
 
Similar Y. pseudotuberculosis prevalences to those previously reported in Europe were found among 
pigs in Russia (7%), Latvia (5%), Belgium (2%), Estonia (1%) and Italy (1%). Previously reported 
European prevalences of Y. pseudotuberculosis from pig faeces samples have been 0.3% in Italy, 4% 
in the Netherlands and 6% in Germany (Narucka and Westendoorp, 1977; Weber and Knapp, 1981; 
Chiesa et al., 1993). In Finland, the prevalence of Y. pseudotuberculosis among tonsils of slaughter 
pigs was 4% (Niskanen et al., 2002). No Y. pseudotuberculosis-positive Spanish pigs or farms were 
found. 
 
Farms from Belgium (80%), England (78%), Latvia (60%) and Russia (60%) were commonly 
contaminated with Y. pseudotuberculosis. However, in Italy (14%) and Estonia (13%), contamination 
among the studied farms was scarce. Contamination with Y. pseudotuberculosis at the farm level has 
an important role in the dissemination of Y. pseudotuberculosis, which occurs from positive pigs to 
other pigs (Niskanen et al., 2008). 
 
The prevalence of Y. pseudotuberculosis was high among organic English pigs, which could be 
related to outdoor husbandry. Wild animals or contamination in the environment in England could act 
as a reservoir of Y. pseudotuberculosis. Among ABP pigs in England, the prevalence of Y. 
pseudotuberculosis was higher during the summer than the winter. Reports concerning seasonal trends 
of Y. pseudotuberculosis are scarce. However, in Germany, higher carriage of Y. pseudotuberculosis 
in pigs was observed in the winter and spring (Weber and Knapp, 1981).  
 
6.2. DISTRIBUTION OF ENTEROPATHOGENIC Yersinia BIOSEROTYPES AMONG DIFFERENT 
EUROPEAN COUNTRIES (I - III) 
6.2.1. DISTRIBUTION OF PATHOGENIC Y. enterocolitica (I - III) 
The widest diversity of Y. enterocolitica bioserotypes associated with human disease among the 
studied countries was observed in England, with at least five bioserotypes of Y. enterocolitica 
isolated. Bioserotypes 2/O:9 (33%) and 2/O:5 (26%) of pathogenic Y. enterocolitica were the most 
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common in England, whereas the most common bioserotype isolated among pigs from other studied 
European countries was Y. enterocolitica 4/O:3. Y. enterocolitica 2/O:9 caused an outbreak in Norway 
with a pork product as a suspected source (Grahek-Ogden et al., 2007). Y. enterocolitica bioserotypes 
3/O:5,27 (22%) and 2/O:5,27 (0.5%) were isolated in a previous study conducted in England (1999 – 
2000) (McNally et al., 2004). A delayed indole-positive reaction could lead to a false positive 
identification of biotype 2, explaining the predominance of biotype 3 of Y. enterocolitica reported by 
McNally et al. (2004) as compared to biotype 2 predominant in our study.  
 
Pathogenic Y. enterocolitica 4/O:3 was the predominant bioserotype in pigs from Belgium, Estonia, 
Italy, Latvia, the Leningrad Region of Russia and Spain. Bioserotype 4/O:3 is also predominant in 
other European countries including Denmark, Finland, Germany and Sweden (Nielsen and Wegener, 
1997; Fredriksson-Ahomaa et al., 2000a, 2007b; Bonardi et al.,  2003; Gürtler et al., 2005; Milnes et 
al., 2008). Serotype O:3 of Y. enterocolitica seems to be common among wild mammals in Japan, was 
isolated among wild animals in Bulgaria, and was also implicated in an outbreak on an oil tanker 
while travelling from Croatia to Italy (Shayegani et al., 1986; Iinuma et al., 1992; Nikolova et al., 
2001; Babi?-Erceg et al., 2003). 
 
Bioserotype 2/O:5 in Italy and 3/O:9 in Belgium and England were also found among slaughtered 
pigs. Y. enterocolitica 2/O:5 has additionally been detected among pigs in Switzerland (Fredriksson-
Ahomaa et al., 2007b). Y. enterocolitica 3/O:9 is not commonly found among European pigs and has 
been sporadically isolated from pigs from Great Britain (6%) (Milnes et al., 2008). Serotype O:9 has 
also  been  isolated  from  German  (0.3%)  and  Italian  pigs  (4%)  (Bonardi  et  al.,  2003;  Gürtler  et  al.,  
2005).  
 
Y. enterocolitica 2/O:3 and 3/O:3 are uncommon European bioserotypes that were isolated in 
England. Bioserotype 3/O:3 of Y. enterocolitica has previously been isolated in Japan from pets 
(dogs) and wild birds on their migratory route through Sweden (Fukushima et al., 1984a, Niskanen et 
al., 2003).  
 
6.2.2. DISTRIBUTION OF Y. pseudotuberculosis (I - III) 
The widest diversity of Y. pseudotuberculosis was found among English pigs, with a total of eight 
bioserotypes of Y. pseudotuberculosis recovered: 1/O:1, 1/O:2, 1/O:3, 1/O:4, 2/O:1, 2/O:3, 2/O:5 and 
3/O:3. This wide diversity of Y. pseudotuberculosis among English pigs could reflect the diversity of 
Y. pseudotuberculosis among wild animals, with further transmission to pigs. More research is needed 
in order to understand the differences between serotypes isolated from England and other European 
countries. 
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Y. pseudotuberculosis 2/O:3 was the most common bioserotype isolated from healthy slaughter pigs 
from all studied countries. The same bioserotype of Y. pseudotuberculosis has been isolated among 
pigs from Finland and Japan (Shiozawa et al., 1988; Niskanen et al., 2002, 2008). Serotype O:3 
together with biotype 1 or 3 of Y. pseudotuberculosis has only been isolated from English pigs. 
Serotypes O:3 and O:1 of Y. pseudotuberculosis have both been implicated in Finnish outbreaks 
(Nuorti et al., 2004; Jalava et al., 2004, 2006). Y. pseudotuberculosis 1/O:1 was isolated among 
slaughter pigs from Belgium, England and Italy, and 2/O:1 only from England. Previous isolation of 
Y. pseudotuberculosis O:1 has occurred in Europe among pig tonsils from Germany, pig faeces from 
Czechoslovakia and human yersiniosis cases in France (Aldová et al., 1980; Weber and Knapp, 1981; 
Vincent et al., 2008). Y. pseudotuberculosis 1/O:2 was only isolated in Belgium and England. 
Serotype O:2 of Y. pseudotuberculosis has been isolated from wild animals in Bulgaria, Switzerland 
and Japan and wild birds in Sweden (Fukushima et al., 1990a; Fukushima and Gomyoda, 1991b; 
Nikolova et al., 2001; Niskanen et al., 2003; Fredriksson-Ahomaa et al., 2009b). 
 
Bioserotypes 1/O:4 and 2/O:5 of Y. pseudotuberculosis were only isolated from English pigs. 
Serotype O:4 of Y. pseudotuberculosis has previously only been reported in Japan among ground pork 
samples, monkeys bred in zoological gardens, city-living crows captured in a zoo, rats and wild 
animals (Kaneko and Hashimoto, 1981; Tsubokura et al., 1984; Fukushima, 1985; Iinuma et al., 1992; 
Otsuka et al., 1994; Hayashidani et al., 2002; Iwata et al., 2008). Serotype O:5 of Y. 
pseudotuberculosis was implicated in two outbreaks in Japan, with well water as a suspected source in 
one of them (Toyokawa et al., 1993; Sunahara et al., 2000).  
 
6.3. PREVALENCE OF ENTEROPATHOGENIC Yersinia USING DIFFERENT ISOLATION METHODS (I - 
III) 
The highest prevalence of enteropathogenic Yersinia, especially for Y. pseudotuberculosis, was 
obtained when cold enrichment for 7 and 14 days was combined. Selective enrichment in ITC was not 
the most efficient method, but was effective for the isolation of Y. enterocolitica, although it seems to 
be unproductive for Y. pseudotuberculosis. Unproductive growth of Y. pseudotuberculosis in  ITC  
could be due to the presence of selective components of Y. enterocolitica and overgrowth of Y. 
pseudotuberculosis by Y. enterocolitica. Cold enrichment has been successfully used in previous 
studies for the recovery of Y. enterocolitica and Y. pseudotuberculosis from pig samples (Niskanen et 
al., 2002; Korte et al., 2004). PMB is a medium with low selectivity that contains mannitol and allows 
the growth of Yersinia spp and also other species. The use of PMB cold enrichment together with 
KOH treatment decreases the competitive microflora. Although the Bhaduri method is much more 
rapid than the other methods used, significantly fewer enteropathogenic Yersinia-positive English 
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samples were detected,  which could be attributed to the small  amount  of  sample,  only 2 g,  and the 
non-selective agar used. Isolation of enteropathogenic Yersinia seems to be effective when using CIN 
agar (Weber and Knapp, 1981). However, we observed retarded growth for Y. pseudotuberculosis, 
growing slower on CIN agar than Y. enterocolitica. Therefore, an incubation of more than 24 h (24 h 
at 30 ºC and then 1 d or 2 d at room temperature) is needed. 
 
6.4. CONTAMINATION AND TRANSMISSION OF ENTEROPATHOGENIC Yersinia FROM FARM TO 
SLAUGHTERHOUSE (IV - V) 
6.4.1. CONTAMINATION AND TRANSMISSION OF PATHOGENIC Y. enterocolitica (IV - V) 
Prevalence of pathogenic Y. enterocolitica 4/O:3 was higher in conventional than organic produced 
pigs, and in conventional farms with a high compared to a low production capacity. Similar results 
were obtained in Germany, with a higher prevalence in conventional than organic production farming 
types (Nowak et al., 2006).  
 
Factors associated with the high within-farm prevalence of pathogenic Y. enterocolitica were 
examined since the within-farm rather than the between-farm prevalence varied among production 
types, as observed here and in our previous studies (Fukushima et al., 1983; Nesbakken and 
Kapperud, 1985; Andersen et al., 1991; Skjerve et al., 1998; Letellier et al., 1999; Gürtler et al., 2005; 
Wesley et al., 2008). The low prevalence of pathogenic Y. enterocolitica 4/O:3 on farms was 
associated with the no access of pest animals to the pig house, while the high prevalence on farms was 
associated with the absence of coarse feed or bedding, a high stocking density and possible 
contamination of feed with faeces. Although the isolation of non-pathogenic Y. enterocolitica has 
been successful among pest animals such as rats, the isolation of pathogenic Y. enterocolitica 4/O:3 
from pest animals living on Y. enterocolitica-positive farms has seldom been observed (Kapperud, 
1975; Kaneko and Hashimoto, 1981; Pilon et al., 2000; Pocock et al., 2001; Gürtler et al., 2005). The 
absence of coarse feed or bedding seems to depend on the farm size rather than causing differences in 
on-farm prevalence (Skjerve et al., 1998). Organic and small conventional farms in our study usually 
used coarse feeding or bedding, but it was not so typical among conventional farms with a high 
production capacity. Feed contamination with faeces in the pen was assumed when Y. enterocolitica 
was positively isolated in a previous study (Pilon et al., 2000). On a farm, contamination through feed 
or nipple drinkers can occur via pig-to-pig contact or from the environment. 
 
An association between production capacity and nipple drinkers and wet feeding was also detected in 
our study. However, we cannot be sure that nipple drinkers spread infection on farms. It should also 
be taken into account that although an epidemiological association between Y. enterocolitica and farm 
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factors was determined, an experimental study using microbiological sampling should verify our 
observations. 
 
The transfer of pathogenic Y. enterocolitica from pigs to pork products should be prevented by 
reducing the within-farm prevalence of Y. enterocolitica in those farms that are highly contaminated, a 
measure that will also help in reducing the spread via pig-to-pig contact (Skjerve et al., 1998). Thus, 
improve techniques and hygiene at slaughter will effectively reduce the possible transfer of 
pathogenic Y. enterocolitica from pigs to pork products.  
 
Through PFGE analysis of isolated strains, the transmission of Y. enterocolitica was demonstrated 
from  pigs  in  the  farm  to  carcasses  and  pluck  sets  in  the  slaughterhouse.  Pigs  from  the  same  farm  
carried same genotypes detected on the carcasses. The same Y. enterocolitica genotype was harboured 
by all but one carcass-positive pig in intestinal contents or tonsils. All the positive carcasses originated 
on those farms (C, J, K, L) where the prevalence of pathogenic Y. enterocolitica 4/O:3 was 33% or 
higher. Strains carried by pigs during the fattening period seem to contaminate the carcasses. 
Therefore, contamination with pathogenic Y. enterocolitica on  the  farm  and  at  slaughter  should  be  
correlated. The contamination level of the carcasses at the slaughterhouse will subsequently be 
reduced when farms show a low prevalence of pathogenic Y. enterocolitica 4/O:3. 
 
Most of the pluck sets (23 out of 33) were contaminated by the same genotype of pathogenic Y. 
enterocolitica 4/O:3 that  was found in rectal,  intestinal  or  tonsil  samples of  the same pig.  However,  
pluck sets carried a genotype that was not found in pigs from the same farm, a genotype that possibly 
originated from contamination via slaughtering equipment or/and the environment, as presented 
previously (Fredriksson-Ahomaa et al., 2000b). Contamination and cross-contamination of pluck sets 
is possible during evisceration, the removal of pluck sets, and meat inspection, steps while 
slaughtering where contamination can be possible due to the handling of tonsils, intestines and pluck 
sets. Although data concerning the enclosure of the rectum to prevent the contamination of carcasses 
is available, no data concerning handling in order to avoid pluck set contamination has been presented 
(Nesbakken et al., 1994). In addition, carcass, liver and diaphragm contamination can be reduced by 
head removal together with the tonsils and tongue (Christensen and Lüthje, 1994).  
 
6.4.2. CONTAMINATION AND TRANSMISSION OF Y. pseudotuberculosis (IV - V) 
A higher prevalence of Y. pseudotuberculosis was observed among organically than conventional 
produced pigs. Thus, based on the wide range of within-farm prevalence values, we assumed that 
some specific  factors  relating to the farm must  be affecting the prevalence of Y. pseudotuberculosis 
without taking the farm type into consideration. Farm factors related to the prevalence of Y. 
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pseudotuberculosis on  farms  appear  to  be  contact  with  pets  and  pests  animals  and  with  the  outside  
environment. Different animals and also soil have been sources of Y. pseudotuberculosis, with strains 
from wild animals, the environment and pigs showing the same patterns in restriction endonuclease 
analysis of the virulence plasmid (Fukushima and Gomyoda, 1991b; Fukushima et al., 1994; Nikolova 
et  al.,  2001;  Niskanen  et  al.,  2003).  Contact  between  pets  or  pests  animals  and  pigs  that  are  
organically bred could explain the higher prevalence of Y. pseudotuberculosis on organic farms. 
Conventionally farmed pigs have limited contact with the outdoor environment when compared to 
organic pigs, and subsequently reduced possibilities of adquiring Y. pseudotuberculosis infection. 
 
When different farm practices were taken into account, the use of troughs for drinking on all farms 
and a large group size on conventional farms could be associated with the prevalence of Y. 
pseudotuberculosis and its transfer from pig to pig and from pig to pen, in a similar way as previously 
described for Salmonella strains (Feder et al., 2001; Zheng et al., 2007). In addition, the production 
capacity of the farm seems to affect the prevalence of Y. pseudotuberculosis. A higher prevalence of 
Y. pseudotuberculosis was observed on conventional farms with high compared to a low-production 
capacity, which has been associated in a previous study with poor hygienic conditions, although no 
association was found in our study (Aldová et al., 1980; Siekkinen et al., 2006). 
 
Y. pseudotuberculosis-negative farms should be possible to achive by on-farm management of pet and 
pests animals. Other possible sources of farm contamination that should be minimized are via water 
troughs and pig-to-pig contacts. The maintainance of a Y. pseudotuberculosis-free status on pig farms 
seems to be difficult because of the influence that pest animals and outdoor contacts exert, especially 
on those farms that are organic, where close contact is kept with the outdoor environment. Therefore, 
slaughter hygiene and methods are important to take into account. 
 
Through the PFGE analysis of isolated Y. pseudotuberculosis strains  on  farms  and  at  the  
slaughterhouse we were able to demonstrate that the transmission of Y. pseudotuberculosis occurs 
from  pigs  to  carcasses  and  pluck  sets.  The  same  genotypes  were  found  on  the  farm  and  at  the  
slaughterhouse, which indicates that same Y. pseudotuberculosis strains originated from farms are 
found at the slaughterhouse. In addition, those pigs with a Y. pseudotuberculosis-positive carcass 
carried the same genotype in rectal, intestinal or tonsil samples. Therefore, a Y. pseudotuberculosis-
positive carcass probably originates during the pig fattening period on the farm. Cross-contamination 
of pluck-sets in the slaughterhouse may also occur, because among two of six pigs with Y. 
pseudotuberculosis-positive pluck sets, the rectal, intestinal and tonsils samples were Y. 
pseudotuberculosis-negative.  
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Positive carcasses originated from those farms (A, D) where a high prevalence of Y. 
pseudotuberculosis was observed. However, at one farm with a very high prevalence (F), no Y. 
pseudotuberculosis was recovered from carcasses or pluck sets. Those pigs among which Y. 
pseudotuberculosis prevalence is high seem predisposed to further contamination of carcasses and 
pluck sets at slaughter; however, hygienic measures during slaughtering can reduce Y. 
pseudotuberculosis contamination.  
 
7. CONCLUSIONS 
Differences were observed in the prevalence of enteropathogenic Yersinia among slaughter pigs from 
different European countries. An extremely high prevalence of pathogenic Y. enterocolitica was 
recorded in Spain and Estonia. Such high prevalences of pathogenic Y. enterocolitica have never been 
reported before among pigs in Europe using culture methods. When compared to Spain and Estonia, 
lower prevalences of pathogenic Y. enterocolitica were observed among pigs from Belgium, England, 
Italy, Latvia and Russia. Contamination with pathogenic Y. enterocolitica was  common  among  the  
studied farms. In addition, a higher prevalence of enteropathogenic Yersinia was detected among ABP 
than organic or OM pigs in England, with differences among ABP pigs depending on the season. The 
highest prevalence of Y. pseudotuberculosis was observed among English pigs. This is the first time 
that such a high prevalence of Y. pseudotuberculosis has  been  reported  among  pigs.  Similar  
prevalences were recorded in Belgium, Italy, Estonia, Latvia and Russia to previously reported 
prevalences in Europe. No Y. pseudotuberculosis was isolated from pigs from Spain. A large number 
of farms in Belgium, Italy and Russia were contaminated with Y. pseudotuberculosis, while 
contamination with Y. pseudotuberculosis among Italian and Estonian farms was scarce. In addition, a 
higher prevalence of Y. pseudotuberculosis in England was found among organic pigs than ABP or 
OM pigs, and infection in ABP pigs was seasonally dependent. 
 
England was the country having the widest diversity of Y. enterocolitica bioserotypes, with more than 
six different pathogenic bioserotypes being observed. The dominant pathogenic bioserotypes of Y. 
enterocolitica in England were 2/O:9 and 2/O:5. However, and in accordance with previous European 
studies, Y. enterocolitica 4/O:3 was the most common pathogenic bioserotype isolated among the rest 
of the studied countries. Although less common among European pigs, pathogenic bioserotypes 
2/O:3, 3/O:3, and 3/O:9 of Y. enterocolitica were also isolated.  
 
Concerning Y. pseudotuberculosis, England was also the country where the widest bioserotype 
diversity was observed, with at least eight different bioserotypes of Y. pseudotuberculosis isolated. 
The most common bioserotype of Y. pseudotuberculosis among the studied countries was 2/O:3, 
which is currently the dominant bioserotype isolated among pigs in Finland. Serotypes O:4 and O:5 of 
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Y. pseudotuberculosis, previously limited to Japan, were surprisingly isolated from pigs from England 
and corresponded to biotype 1 and 2, respectively. 
 
Cold enrichment was the most effective among the studied isolation methods when a combination of 7 
and 14 days was carried out, especially for Y. pseudotuberculosis. Selective enrichment was effective 
in the isolation of Y. enterocolitica, although not the most efficient method. After enrichment, retarded 
growth of Y. pseudotuberculosis was demonstrated, with growth occurring 24 to 48 h later than Y. 
enterocolitica when incubated on CIN plates at room temperature  
 
Contamination of pigs with pathogenic Y. enterocolitica originates on farms. Among pigs from 
conventional farms having a high production capacity, the prevalence of human pathogenic Y. 
enterocolitica 4/O:3 was higher than on organic or low production capacity conventional farms. Pigs 
are also the main source of carcass and pluck sets contamination with Y. enterocolitica during 
slaughter, although cross-contamination on pluck sets may also occur at the slaughterhouse. Y. 
enterocolitica-positive carcasses at slaughter were associated with farms where a high prevalence of 
Y. enterocolitica was observed. Carcass contamination with Y. enterocolitica may be limited at 
slaughter if the prevalence of Y. enterocolitica is reduced on pig farms. A high production capacity, 
wet feeding and no access of pest animals to the pig house were associated with a high prevalence of 
Y. enterocolitica on the farm. 
 
Y. pseudotuberculosis-positive pigs acquire their infection on the farm. Pigs from organic production 
had a higher Y. pseudotuberculosis prevalence than conventionally produced pigs. Among 
conventional farms, a higher Y. pseudotuberculosis prevalence was observed in those farms having a 
high rather than a low production capacity. From the farm, contamination with Y. pseudotuberculosis 
occurs in the slaughterhouse, and transfer to carcasses and pluck sets takes place during slaughtering. 
A high prevalence of Y. pseudotuberculosis on  the  farm  seems  to  predispose  towards  carcass  
contamination with Y. pseudotuberculosis at slaughter. A decreased contamination with Y. 
pseudotuberculosis at slaughter may occur if strict slaughterhouse practices are followed and/or the 
prevalence of Y. pseudotuberculosis on  farms  is  reduced.  Farm  factors  such  as  contact  with  pest  
animals and the outside environment associated with the prevalence of Y. pseudotuberculosis, and an 
increase in the number of pigs on the farm appeared to increase the prevalence of Y. 
pseudotuberculosis. 
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